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ABSTRACT	
Human	modification	of	the	landscape,	including	urbanization	and	road	construction,	has	facilitated	the	
spread	and	establishment	of	non-native	plant	species.		Urban	areas	have	often	been	introduction	points	
for	species	and	have	a	combination	of	factors	making	them	susceptible	to	invasion;	including	reduced	
habitat	area,	loss	of	unique	habitat	types,	and	increased	nutrient	run-off.			Roads	facilitate	the	spread	of	
non-native	plant	species	by	providing	locally	disturbed	habitat	and	a	corridor	for	propagule	dispersal.		I	
conducted	two	analyses	to	assess	how	changes	in	the	environment	through	urbanization	and	road	
construction	facilitate	the	distribution	of	non-native	plant	species.		For	these	analyses	I	used	species	
occurrence	data	from	over	2000	wetlands	within	the	Chicago	region.		In	the	first	analysis	I	examined	the	
influence	of	urbanization	and	roads	on	the	occurrences	of	15	non-native	plant	species.		I	found	that	
species,	or	groups	of	species,	responded	differently	to	the	effects	of	urbanization	and	roads.		For	
example,	occurrences	of	halophyte	species	were	best	predicted	by	road	variables;	halophytes	were	
more	commonly	associated	with	major	roads	such	as	interstates	and	federal	highways,	road	types	that	
are	likely	to	receive	greater	applications	of	de-icing	salts.		For	the	second	analysis	I	examined	non-native	
species	composition	and	identified	non-native-dominated	community	types;	I	then	conducted	a	
similarity-based	analysis	to	show	that	these	novel	communities	are	repeated	across	the	landscape	in	a	
predictable	way.		I	evaluated	the	contribution	of	surrounding	land	cover,	roads,	and	geographic	
distances	among	wetlands	to	the	similarity	of	plant	communities.		Non-native	species	were	found	to	be	
widespread	across	the	region.		I	found	that	non-native	species	similarity	was	most	strongly	correlated	
with	similarity	of	land	cover	within	100	m	of	wetlands.		This	analysis	was	repeated	for	identified	
community	types.		My	findings	that	similar	changes	to	the	landscape	have	resulted	in	similar	
combinations	of	non-native	species	is	evidence	that	anthropogenic	drivers	are	creating	novel	habitats	
and	ultimately	novel	community	types.		Together	my	analyses	have	implications	for	understanding	and	
managing	non-native	plant	species	within	urban	areas.	
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CHAPTER	1:	SPECIES-SPECIFIC	RESPONSES	OF	NON-NATIVE	PLANTS	TO	URBANIZATION	AND	ROADS	IN	
THE	CHICAGO	REGION		
Introduction	
	 Non-native	plant	invasion	is	a	global	problem	with	both	ecological	and	economic	costs	(Lodge	
1993,	Williamson	1999,	Mack	et	al.	2000).		The	expansion	of	commerce	in	recent	decades	has	facilitated	
a	rapid	increase	in	the	introduction	and	establishment	of	plant	species	around	the	globe	(Lodge	1993).		
This	biogeographic	redistribution	and	its	resulting	costs	are	evident	in	urban	areas.		For	example,	in	one	
year	alone,	approximately	45	million	U.S.	dollars	was	spent	to	control	Lythrum	salicaria,	an	invasive	
plant	commonly	found	in	urban	wetlands	throughout	the	United	States	mainland	(Pimentel	et	al.	2005).		
In	urban	areas,	human	modification	of	the	landscape	such	as	land	development,	road	construction,	and	
species	import,	has	facilitated	the	spread	of	non-native	species	(Forman	et	al.	2003,	McKinney	2006).		
This	reshaping	of	the	landscape	has	been	implicated	as	a	cause	of	increasing	non-native	species	richness	
and	abundance	(Gavier-Pizarro	et	al.	2010).		However,	the	effects	of	urbanization	are	likely	to	be	species	
specific,	and	an	understanding	of	species-specific	responses	is	needed	to	assist	management	of	non-
native	species	in	urban	landscapes	(Jodoin	et	al.	2008,	Concepción	et	al.	2015).	
Urban	areas	have	often	been	introduction	points	for	species	and	have	a	combination	of	factors	
making	them	susceptible	to	invasion.			Plant	communities	in	urban	and	suburban	areas	are	frequently	
invaded	by	species	introduced	for	horticultural	purposes	(Barton	et	al.	2004,	Gavier-Pizarro	et	al.	2010)	
or	as	hitch-hikers	on	international	shipments	(Hulme	2009).		Urbanization	also	changes	local	
communities	by	reducing	habitat	area,	eliminating	unique	habitat	types,	and	increasing	nutrient	run-off	
(McKinney	2002,	2006,	Schwartz	et	al.	2006).		These	impacts	of	urbanization	can	subsequently	change	
factors	such	as	native	community	diversity,	resource	availability,	and	the	occurrence	of	novel	habitats,	
which	can	increase	susceptibility	of	local	communities	to	invasion	(Shea	and	Chesson	2002,	McKinney	
2006).	
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Urban	areas	also	serve	as	colonization	sources	from	which	non-native	species	spread	into	
surrounding	areas.		The	spread	of	non-natives	outward	from	urban	areas	is	suggested	by	decreasing	age,	
genetic	diversity,	abundance	and	richness	of	non-natives	along	urban-to-rural	gradients	(Lankau	et	al.	
2009,	Sharma	et	al.	2010,	Aronson	et	al.	2014)	and	decreasing	non-native	species	richness	with	
increasing	distance	from	an	urban	core	(Matthews	et	al.	2009).		The	spread	of	a	species	away	from	an	
introduction	point	can	be	delayed	for	a	period	of	time	during	which	a	species	establishes	in	a	local	area	
before	asserting	sufficient	propagule	pressure	for	spread	(Pyšek	and	Hulme	2005,	Theoharides	and	
Dukes	2007).		However,	the	rate	of	dispersal	away	from	urban	areas	is	enhanced	by	roads,	which	serve	
as	corridors	for	plant	species	dispersal	(von	der	Lippe	and	Kowarik	2008).		As	a	consequence,	the	spread	
of	non-native	species	outward	from	an	urban	core	can	be	non-uniform,	particularly	if	dispersal	follows	a	
corridor	such	as	a	roadway	or	is	facilitated	by	a	vector	such	as	road	maintenance	equipment	(von	der	
Lippe	and	Kowarik	2008,	Christen	and	Matlack	2009,	Säumel	and	Kowarik	2010,	Fennell	et	al.	2012).			
Roads	facilitate	the	spread	of	non-native	plant	species	by	providing	locally	disturbed	habitat	and	
a	corridor	for	propagule	dispersal	(Forman	et	al.	2003,	von	der	Lippe	et	al.	2013).		Road	construction	
involves	the	removal	of	native	vegetation,	soil	disturbance	and	compaction,	import	of	soils	containing	
seeds	of	non-native	species,	and	re-vegetation	of	disturbed	areas	with	both	native	and	non-native	
species	(Forman	et	al.	2003,	Gelbard	and	Belnap	2003,	Hansen	and	Clevenger	2005).		After	construction,	
ongoing	maintenance	of	roadsides	disturbs	existing	vegetation	through	mowing	and	herbicide	
application	(Forman	and	Alexander	1998).		Together,	the	construction	and	maintenance	of	road	systems	
destroy	or	disrupt	native	vegetation	and	provide	habitat	suitable	for	colonization	by	non-native	species.			
The	application	of	de-icing	salt	to	roadways	is	another	common	maintenance	activity	in	urban	
areas	in	cold	weather	regions	that	may	contribute	to	the	spread	of	some	non-native	plant	species.		Run-
off	results	in	increased	sodium	and	chloride	concentrations	in	surrounding	soils	(Forman	and	Alexander	
1998,	Cunningham	et	al.	2008).		Salt	spray	and	run-off	have	been	shown	to	damage	vegetation	(Forman	
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and	Alexander	1998),	but	there	is	a	need	to	understand	how	salt	inputs	are	changing	community	
composition.		Road	salt	has	been	implicated	as	a	driver	in	the	spread	of	Phragmites	australis	in	roadside	
ditches	and	wetlands	(Jodoin	et	al.	2008,	Brisson	et	al.	2010);	but	there	has	been	limited	investigation	of	
whether	de-icing	salt	has	changed	plant	community	composition	(Richburg	et	al.	2001,	Miklovic	and	
Galatowitsch	2005).		Road	salt	is	likely	a	contributor	to	the	susceptibility	of	roadside	habitats	to	invasion	
in	urban	areas.	
Although	the	impact	of	roads	on	the	spread	of	non-native	plant	species	is	well	documented,	
studies	assessing	road	effects	have	focused	largely	on	either	rural	areas	or	pristine/protected	areas	
(Gelbard	and	Belnap	2003,	Hansen	and	Clevenger	2005,	Meunier	and	Lavoie	2012).		However,	because	
surrounding	habitats,	propagule	availability,	and	design	of	roadways	varies	greatly,	there	is	a	need	to	
assess	the	role	road	construction	and	maintenance	play	in	creating	habitat	and	dispersal	corridors	for	
non-native	species	across	all	contexts−including	urban	and	suburban	ones.			
I	evaluated	whether	urbanization	and	roads	increased	the	likelihood	of	occurrences	of	15	non-
native	and	one	native	(but	spreading,	see	Methods)	plant	species	in	over	2,000	wetlands	within	the	
Chicago	region	in	northeastern	Illinois,	USA.		My	primary	objective	was	to	determine	whether	
urbanization,	road	characteristics,	distance	among	wetlands,	or	a	combination	of	those	variables	best	
predicted	the	occurrence	of	selected	species.	I	expected	that	non-native	species	would	occur	more	
frequently	as	the	amount	of	urban	land	cover	increased	and	proximity	to	the	city	of	Chicago	decreased	
because	non-native	species	occur	frequently	in	heavily	disturbed	urban	habitats.	My	study	species	
included	seven	halophytes,	which	I	expected	to	be	associated	with	major	roads	because	I	presume	that	
de-icing	salt	is	applied	at	higher	rates	and	runs	off	into	surrounding	wetlands.		Finally,	I	expected	that	
non-natives	would	occur	more	frequently	in	wetlands	in	proximity	to	other	wetlands	occupied	by	the	
species	of	interest	because	colonization	by	non-natives	should	be	positively	related	to	the	number	of	
nearby	sources	of	propagules.	 	
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Methods	
Study	Area	
This	study	was	conducted	within	the	Chicago	metropolitan	region	in	northeastern	Illinois,	an	
area	that	includes	Cook,	DuPage,	Kane,	Lake,	McHenry	and	Will	Counties	(Figure	1.1).		I	selected	this	
area	because	it	includes	a	gradient	of	urban-to-rural	land	uses	and	the	region	is	heavily	impacted	by	
invasive	species	(Early	Detection	&	Distribution	Mapping	System	2015).			
	
Figure	1.1	–	Study	location	map	
INHS-IDOT	Dataset	
Wetlands	used	in	this	study	were	originally	mapped	by	the	Illinois	Natural	History	Survey	(INHS)	
in	advance	of	Illinois	Department	of	Transportation	construction	projects.		Wetlands	were	identified	and	
mapped	following	U.S.	Army	Corps	of	Engineers	methodology	under	the	U.S.	Clean	Water	Act.		To	be	
considered	a	wetland,	an	area	must	possess	hydrophytic	vegetation,	indicators	of	wetland	hydrology,	
and	hydric	soils	(Environmental	Laboratory	1987,	U.S.	Army	Corps	of	Engineers	2010).		The	boundaries	
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of	the	wetlands	were	mapped	in	the	field	using	a	global	positioning	system	(GPS)	receiver.		In	addition,	a	
list	of	all	plant	species	observed	in	the	wetland	was	recorded.			
I	considered	all	wetlands	mapped	by	INHS	within	the	study	area	between	2002	and	2013,	with	
complete	records,	for	inclusion	in	this	study.		I	included	only	wetlands	investigated	between	April	and	
October	because	wetlands	investigated	outside	the	growing	season	were	likely	to	have	incomplete	
species	lists.		Due	to	the	original	purposes	of	the	data	collection,	spatial	overlaps	existed	among	some	
sampled	areas.		Where	spatial	overlaps	occurred,	I	selected	the	most	recent	investigation.		The	resulting	
sample	included	2,005	wetlands.		
Study	Species	
I	selected	15	non-native	species	for	study	(Table	1.1).		I	chose	these	by	first	identifying	species	
with	at	least	20	occurrences	in	the	dataset,	then	evaluating	these	with	the	assistance	of	INHS	botanists	
familiar	with	the	region	to	identify	species	that	were	thought	to	be	spreading	but	were	not	ubiquitous	
across	the	region	(Spyreas	et	al.	2004).		Six	of	the	selected	non-native	species	are	halophytes.		I	also	
included	one	native	halophyte,	Bolboschoenus	maritimus,	which	is	thought	to	be	spreading	along	
roadsides	in	the	region,	for	a	total	of	16	species.	
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Table	1.1	–	Study	species	 	
Species1	 Common	Name	 Habit	 Dispersal	Mode2	 Halophyte3	 Occurrences	
Alliaria	petiolata	(Bieb.)	
Cavara	&	Grande	 garlic	mustard	 Forb	 gravity,	adhesion	 	 310	
Aster	subulatus	Michx.	 expressway	aster	 Forb	 wind	 Yes	 39	
Atriplex	patula	L.	 fat-hen	saltbush	 Forb	 wind	 Yes	 107	
Bolboschoenus	maritimus	
L.		 alkali	bulrush	 Sedge	 water,	wind	 Yes	 29	
Dipsacus	fullonum	L.	 common	teasel	 Forb	 gravity,	water	 	 99	
Dipsacus	laciniatus	L.	 cut-leaved	teasel	 Forb	 gravity,	water	 	 331	
Hemerocallis	fulva	L.	 orange	day	lily	 Forb	 vegetative	 	 23	
Hordeum	jubatum	L.	 squirrel-tail	grass	 Grass	 wind	 	 273	
Lysimachia	nummularia	L.	 moneywort	 Forb	 vegetative	 	 129	
Lythrum	salicaria	L.	 purple	loosestrife	 Forb	 water,	gravity,	wind		 	 478	
Phragmites	australis	(Cav.)	
Trin.	 common	reed	 Grass	 wind	 Yes	 624	
Puccinellia	distans	(Jacq.)	
Parl.	 alkali	grass	 Grass	 wind	 Yes	 30	
Solanum	dulcamara	L.	 bittersweet	nightshade	 Vine	 bird	&	mammal	 	 528	
Solidago	sempervirens	L.	 seaside	goldenrod	 Forb	 wind	 Yes	 155	
Spergularia	species4	 spurrey	species	 Forb	 wind,	water	 Yes	 30	
Viburnum	recognitum	
Fern.	
smooth	
arrowwood	 Shrub	 bird	&	mammal	
	 60	
1	–	Taxonomy	follows	Mohlenbrock	2002	 	
2	–	Iverson	et	al.	1999,	U.S.	Forest	Service	2014	 	
3	–	Swink	and	Wilhelm	1994,	Mohlenbrock	2002		 	
4	–	Spergularia	marina	(L.)	Griseb.	and	Spergularia	media	(L.)	C.	Presl.	records	were	combined	due	to	likely	misidentification	at	the	
species	level.	
Predictor	Variables	
I	evaluated	species	occurrences	in	my	sample	of	wetlands	relative	to	a	set	of	predictor	variables	
that	included	urbanization,	roads	and	propagule	pressure.		All	variables	were	measured	using	ArcGIS	
10.2.2	(ESRI	2014),	QGIS	2.6.0	(QGIS	Development	Team	2014)	or	R	3.1.1	with	packages	raster	and	rgdal	
(Bivand	et	al.	2014,	Hijmans	2014,	R	Core	Team	2014).			All	GIS	datasets	were	projected	to	planar	
coordinates	and	all	distances	are	planar	measurements.		The	following	predictor	variables	were	
included:	
1. Urbanization	–	Land	Cover:		I	presumed	that	selected	non-native	species	would	be	commonly	
associated	with	urban	land	cover.		Therefore,	I	identified	the	land	cover	of	the	area	surrounding	
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the	wetland’s	centroid.		Wetland	centroid	points	were	buffered	at	100	m	and	1	km,	representing	
the	local	and	neighborhood	contexts,	respectively.		Proportions	of	eight	land	cover	types	
(agriculture,	urban	land,	forest,	shrubland,	grassland,	wetland,	water,	and	barren	ground)	
present	within	the	buffers	were	calculated	for	every	wetland.		I	used	the	National	Land	Cover	
2011	Dataset	for	Illinois	for	this	analysis	(U.S.	Geological	Survey	2014).		Detailed	land	cover	
classes	were	aggregated	into	general	classes,	e.g.	high,	medium,	and	low	intensity	developed	
land	classes	were	classified	as	urban	land.		I	retained	agriculture,	urban	land,	forest,	wetland	and	
water	land	cover	categories	in	the	analysis	because	other	land	cover/use	types	were	
uncommon.			
2. Urbanization	–	Distance	to	Chicago:		I	measured	the	Euclidean	distance	between	each	wetland	
centroid	and	a	point	within	the	city	of	Chicago.		Urbanization	across	the	region	decreases	with	
distance	from	the	city	center.		The	point	location	within	Chicago	was	placed	at	the	junction	of	
Interstate	Highways	90,	94	and	290.		This	point	was	selected	because	major	roads	within	the	
region	radiate	from	this	junction	point.		Roads	provide	functional	connectivity	between	the	city	
and	wetlands	in	the	surrounding	area	(von	der	Lippe	and	Kowarik	2008).			
3. Roads	–	Distance	to	Road:		I	measured	distance	between	the	edge	of	each	wetland	and	the	
nearest	road.		This	distance	serves	as	a	measure	of	the	likelihood	that	a	wetland	will	be	affected	
by	a	road.		Road	locations	were	obtained	from	ESRI’s	Street	Map	North	America	dataset	(ESRI	
and	Tom	Tom	North	America	2013).	
4. Roads	–	Road	Type:		I	classified	the	road	type	of	the	road	nearest	to	each	wetland	using	five	
categories	(Table	1.2).		Road	categories	were	intended	to	incorporate	multiple	factors	that	
contribute	to	a	road’s	function	in	dispersing	or	providing	habitat	for	non-native	species;	these	
include	traffic	volume,	vehicle	speed,	and	disturbance	from	road	construction	and	ongoing	
roadway	maintenance.		Each	of	these	factors	increases	with	increasing	road	class	ranking,	e.g.	
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interstate	highways	(Road	Class	5)	have	the	highest	speeds,	traffic	volume	and	disturbance	from	
construction	and	maintenance.		Use	of	road	type	as	a	proxy	for	these	factors	is	supported	by	
findings	that	non-native	species	abundance	increases	with	road	improvement	(Gelbard	and	
Belnap	2003,	Joly	et	al.	2011).		Road	type	was	modified	from	ESRI’s	Street	Map	North	America	
dataset	(ESRI	and	Tom	Tom	North	America	2013).		
Table	1.2	–	Road	type	classification.	
Road	Class	 Description	
5	 interstate	and	limited	access	federal	and	state	highways	
4	 federal	and	state	highways	(except	those	included	above)	
3	 major	roads	(county	highways,	arterial	and	collector	roads)	
2	 local	roads	(neighborhood	roads)	
1	 courts	and	cul-de-sacs	
		
5. Propagule	Sources	–	Distance	to	the	Nearest	Occupied	Wetland:		To	evaluate	the	influence	of	
propagule	availability	from	other	wetlands	on	occurrence	of	a	species	at	a	wetland,	I	measured	
the	straight-line	distance	between	each	wetland	centroid	and	the	nearest	wetland	where	the	
species	of	interest	was	present.		Distance	was	calculated	separately	for	each	species	of	interest.		
	Statistical	Analysis	
	 Species	occurrences	were	modeled	using	multiple	logistic	regressions.		I	fitted	two	global	models	
and	a	series	of	sub-models	to	predict	occurrences	of	each	of	the	16	focal	species.		Global	models	
included	the	variables	land	cover	(either	100-m	or	1-km	buffer),	distance	to	Chicago,	distance	to	nearest	
road,	road	type,	and	distance	to	nearest	occupied	wetland.		The	series	of	sub-models	included	21	
models	testing	individual	predictors	and	combinations	of	predictors	(Table	1.3).		For	the	sub-models,	
predictor	variables	were	grouped	into	three	categories:	(1)	urbanization,	including	urban	land	cover	and	
distance	to	Chicago;	(2)	road	variables,	including	road	type	and	distance	to	road;	and	(3)	propagule	
sources,	including	distance	to	the	nearest	occupied	wetland.		Sub-models	included	variables	in	a	single	
category	or	combinations	of	two	of	the	three	variable	categories,	such	as	landscape	context	and	
distance.		All	sub-models	including	land	cover	were	run	with	both	100-m	and	1-km	buffers.		To	limit	the	
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total	number	of	models,	combinations	of	predictors	were	selected	based	on	presumed	mechanisms	
and/or	patterns	of	species	dispersal,	not	all	possible	combinations	of	predictors	were	run.	Models	which	
did	not	converge	on	a	solution	were	omitted	from	further	analysis.		McFadden’s	pseudo	R2	values	and	
Bayesian	Information	Criterion	(BIC)	statistics	were	calculated	to	assess	model	fit	and	compare	models.		
The	best	approximating	model	for	each	species	was	identified	by	selecting	the	model	with	the	lowest	
BIC	statistic.		All	statistical	analysis	was	completed	using	R	version	3.1.1	and	the	safeBinaryRegression	
package	(Konis	2013,	R	Core	Team	2014).	
Table	1.3	–	Predictor	variables	included	in	the	global	and	sub	models	
Model	
Land	Cover1	
Dist.	to	
Chicago	
Road	
Type	
Dist.	
to	
Road	
Dist.	to	
Occupied	
Wetland	Water	 Urban	 Forest	 Ag.	 Wetland	
Global	 X	 X	 X	 X	 X	 X	 X	 X	 X	
Urbanization	-	Land	
Cover	+	Dist.	to	
Chicago	 	
X	 	 	 	 X	 	 	 	
Urbanization	-	Land	
Cover	 	 	 	 	 	 	 	 	 	
Urbanization	-	Dist.	to	
Chicago	 	 X	 	 	 	 X	 	 	 	
Roads		 	 	 	 	 	 	 X	 X	 	
Propagule	Sources	 	 	 	 	 	 	 	 	 X	
Urban	Land	Cover	+	
Roads	 	 	 	 	 	 	 X	 X	 	
Urban	Land	Cover	+	
Road	Type	 	 	 	 	 	 	 X	 	 	
Urban	Land	Cover	+	
Dist.	to	Road	 	 	 	 	 	 	 	 X	 	
Road	Type	+	Dist.	to	
Chicago	 	 X	 	 	 	 X	 X	 	 	
Roads	+	Propagule	
Sources	 	 	 	 	 	 	 X	 X	 X	
Road	Type	+	
Propagule	Sources		 	 	 	 	 	 	 X	 	 X	
Dist	to.	Road	+	
Propagule	Sources	 	 	 	 	 	 	 	 X	 X	
Wetland/Water	Land	
Cover	 X	 	 	 	 X	 	 	 	 	
Rural	Land	Cover	 	 	 X	 X	 	 	 	 	 	
1	–	Models	including	land	cover	were	run	separately	with	the	amount	of	each	land	cover	in	both	the	100-m	and	1-km	buffer.	
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Results	
In	general	the	best	models	were	those	including	road	variables,	distance	to	Chicago,	and	
distance	to	occupied	wetland,	or	the	global	model	(Table	1.4,	BIC	statistics	for	all	models	are	included	in	
Appendix	A).		Models	including	land	cover	alone	had	weak	support.		The	amount	of	deviance	accounted	
for	by	models	varied	widely,	with	McFadden’s	pseudo	R2	values	ranging	from	0.007	to	0.404.		Although	
each	species	is	unique,	several	patterns	emerged	from	the	best	approximating	models.			
Notably,	occurrences	of	halophyte	species,	including	Aster	subulatus,	Atriplex	patula,	
Bolboschoenus	maritimus,	Puccinellia	distans,	Solidago	sempervirens,	and	Spergularia	species,	were	
associated	with	higher	order	road	type	(i.e.	associated	with	multi-lane,	high	volume	roads)	and	
negatively	related	to	distance	to	roads.		These	findings	are	consistent	with	expected	higher	salinity	in	
close	proximity	to	major	roads.		Models	for	these	species	tended	to	account	for	a	greater	amount	of	
deviance	than	did	models	for	many	of	the	other	species.		Phragmites	australis	was	the	only	halophyte	
included	in	the	study	that	did	not	fit	this	pattern.	
Occurrences	of	a	second	group	of	species,	which	included	Dipsacus	laciniatus	and	Hordeum	
jubatum,	were	more	likely	closer	to	Chicago	and	along	high	volume	roads.		Dipsacus	fullonum	was	also	
associated	with	high	volume	road	types,	but	distance	to	Chicago	was	not	included	in	the	best	
approximating	model.		These	results	suggest	that	both	roads	and	urbanization	are	important	in	
predicting	these	species’	occurrences.		The	best	models	for	a	third	group,	which	included	Lysimachia	
nummularia	and	Viburnum	recognitum,	contained	only	a	single	predictor,	distance	to	the	nearest	
occupied	wetland.		Both	species	are	associated	with	forested	riparian	habitat	(Swink	and	Wilhelm	1994,	
Young	1994),	a	habitat	type	that	was	not	well	accounted	for	by	any	of	the	predictor	variables.			
Occurrences	of	three	species,	Alliaria	petiolata,	Phragmites	australis,	and	Solanum	dulcamara,	
were	poorly	explained	by	all	models,	with	pseudo	R2	values	of	0.07	or	below.		All	three	species	occur	
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widely	across	the	study	region	and	were	amongst	the	most	frequently	occurring	in	the	dataset	(see	
Table	1.1).			For	Alliaria	petiolata	and	Solanum	dulcamara	the	only	variable	in	the	best	approximating	
model	was	distance	to	the	nearest	occupied	wetland,	and	it	accounted	for	little	variation	in	species	
occurrence.		Conversely,	for	Phragmites	australis	every	predictor	was	included	in	the	model,	but	again	
the	predictors	explained	little	variation	in	species	occurrence.	
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Table	1.4	–	Model	coefficients	for	best	fitting	model	as	selected	by	BIC	
Species	
Land	Cover	
Dist.	to	
Chicago	 Road	Type	
Dist.	to	
Road	
Dist.	to	
Occupied	
Wetland	
McFadden’s	
Pseudo	R2	Buffer	
Dist.	1	 Water	 Urban	 Forest	 Ag.	 Wetland	
Alliaria	petiolata	 	 	 	 	 	 	 	 	 	
-2.18E-04	
*	 0.024	
Aster	subulatus	 	 	 	 	 	 	 	
5.21E-01	
*	 	
-1.77E-04	
*	 0.173	
Atriplex	patula	 	 	 	 	 	 	 	
3.88E-01	
*	
-1.07E-02	
*	
-2.70E-04	
*	 0.171	
Bolboschoenus	
maritimus	 	 	 	 	 	 	 	
8.43E-01	
*	 	
-2.98E-04	
*	 0.388	
Dipsacus	fullonum	 	 	 	 	 	 	 	
2.84E-01	
*	
1.78E-03	
*	
-3.73E-04	
*	 0.223	
Dipsacus	laciniatus	 100	m	 -2.14E-05	 8.35E-06	 1.34E-05	 -1.00E-05	 -6.58E-05	*	
-3.44E-05	
*	
1.90E-01	
*	
-1.06E-03	
*	
-3.33E-04	
*	 0.170	
Hemerocallis	fulva	 	 	 	 	 	 	 	 	
-3.00E-02	
*	
-1.27E-04	
*	 0.155	
Hordeum	jubatum	 100	m	 -2.01E-05	 1.31E-05	 -4.69E-05	*	 3.33E-06	
-1.16E-04	
*	
-2.68E-05	
*	
3.00E-01	
*	
8.76E-04	
*	
-3.15E-04	
*	 0.171	
Lysimachia	
nummularia	 	 	 	 	 	 	 	 	 	
-4.76E-04	
*	 0.175	
Lythrum	salicaria	 1	km	 7.11E-07	*	
9.23E-07	
*	 4.15E-07	 1.91E-07	
1.20E-06	
*	
5.56E-06	
*	 -2.66E-02	
-9.67E-04	
*	
-4.62E-04	
*	 0.136	
Phragmites	australis	 1	km	 7.46E-07	*	
-8.65E-07	
*	
-1.15E-06	
*	
-1.16E-06	
*	
-1.89E-06	
*	
-1.28E-05	
*	
1.77E-01	
*	
-6.50E-04	
*	
-2.14E-04	
*	 0.070	
Puccinellia	distans	 	 	 	 	 	 	 	
4.95E-01	
*	
-3.77E-02	
*	
-2.91E-04	
*	 0.362	
Solanum	dulcamara	 	 	 	 	 	 	 	 	 	
-1.58E-04	
*	 0.007	
Solidago	sempervirens	 100	m	 -2.94E-04	*	 6.53E-06	 -6.12E-05	 8.54E-06	 -6.70E-05	
-4.20E-05	
*	
4.13E-01	
*	
-2.15E-02	
*	
-4.23E-04	
*	 0.404	
Spergularia	species	 	 	 	 	 	 	 	
4.87E-01	
*	
-3.12E-02	
*	
-1.55E-04	
*	 0.218	
Viburnum	recognitum	 	 	 	 	 	 	 	 	 	
-2.05E-04	
*	 0.104	
1	–	For	models	including	land	cover	variables	the	buffer	distance	indicates	the	distance	used	in	the	model.	
Asterisks	(*)	denotes	that	the	standard	error	of	the	coefficient	does	not	overlap	zero.	
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Discussion	
	 I	found	that	species,	or	groups	of	species,	responded	differently	to	the	effects	of	urbanization,	
roads,	and	proximity	to	conspecific	occurrences.		For	example,	the	halophyte	species	were	a	well-
defined	group	with	each	of	the	species	showing	a	strong	relationship	with	road	variables.		My	findings	
show	that	species	responses	to	urbanization	and	roads	are	not	uniform	and	therefore	an	understanding	
of	species-specific	responses	is	required	to	manage	these	species.				
Urbanization	
	 Dipsacus	laciniatus	and	Hordeum	jubatum	were	negatively	associated	with	distance	to	Chicago,	
as	was	one	of	the	halophyte	species,	Solidago	sempervirens.		This	relationship	may	be	interpreted	in	
multiple	ways.		Distance	from	Chicago	may	serve	as	a	proxy	for	the	degree	of	urbanization.		Chicago	is	
heavily	urbanized	and,	in	general,	urbanization	decreases	outward	from	the	city.		A	positive	relationship	
with	urban	land	cover	would	provide	further	support	for	this	idea.		However,	although	the	best	model	
for	each	of	each	of	these	species	included	urban	land	cover,	the	coefficients	were	not	significant	
(standard	errors	overlapped	zero).		Alternatively,	the	negative	association	with	distance	to	Chicago	may	
reflect	a	pattern	of	outward	dispersal	from	an	initial	establishment	point	in	the	urban	center,	a	pattern	
similar	to	that	observed	in	Berlin,	Germany	(von	der	Lippe	and	Kowarik	2008).	
Roads	
Halophytes	were	more	commonly	associated	with	major	roads	such	as	interstates	and	federal	
and	state	highways,	road	types	that	are	likely	to	receive	greater	applications	of	de-icing	salts.		In	Illinois	
these	roads	are	primarily	maintained	by	the	Illinois	Department	of	Transportation	(IDOT),	while	select	
interstates	in	northern	Illinois	are	maintained	by	the	Illinois	State	Toll	Highway	Authority.		During	the	
winter	of	2013-2014,	IDOT	spread	nearly	726,000	metric	tons	of	de-icing	salt	statewide	and	the	Toll	
Authority	spread	an	additional	78,000	metric	tons	(Illinois	Department	of	Transportation	2014,	Illinois	
State	Toll	Highway	Authority	2015).		A	majority	of	the	halophyte	species	were	associated	with	
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decreasing	distance	to	roads,	where	salt	concentrations	are	expected	to	be	greater.		The	pattern	of	
distribution	of	halophytes	among	wetlands	in	the	Chicago	region	supports	my	hypothesis	that	
occurrences	of	these	species	are	linked	to	the	intensity	of	road	maintenance.	
One	native	halophyte	species,	Bolboschoenus	maritimus,	was	included	in	my	study.		The	species	
is	known	historically	from	one	saline	marsh	in	LaSalle	County,	Illinois	southwest	of	Chicago	and	was	
formerly	included	on	the	state’s	endangered	species	list	(Natural	Land	Institute	1981).		The	species	has	
since	been	delisted	as	it	is	now	found	in	disturbed	habitats	and	is	considered	non-native	within	the	
Chicago	region	(Swink	and	Wilhelm	1994,	Mankowski	and	Ebinger	2010).		I	am	aware	of	no	research	into	
whether	the	occurrences	within	the	Chicago	region	represent	local	genotypes	or	varieties	introduced	
from	coastal	states.		Increasing	occurrences	of	the	species	may	be	due	to	its	inclusion	in	commercially	
available	salt-tolerant	seed	mixes	(e.g.	Genesis	Nursery	Inc.	2013)	used	by	road	authorities.	
Increasing	occurrences	of	halophyte	species	in	response	to	road	salt	application	suggests	a	
widespread	new	habitat	type;	a	clear	example	of	a	“novel	community”.		Novel	communities	are	
composed	of	species	originating	from	different	locations	in	response	to	changes	in	the	local	
environment	and	are	communities	that	have	no	natural	analog	(Hobbs	et	al.	2006,	2013,	Seastedt	et	al.	
2008).		The	assemblage	of	halophyte	species	found	in	roadside	wetlands	along	major	roads	as	a	result	of	
de-icing	salt	inputs	fits	this	definition.		The	need	to	ensure	the	safety	of	motorists	and	the	high	cost	of	
alternatives	to	sodium	chloride	(Forman	et	al.	2003)	make	it	unlikely	that	there	will	be	a	decrease	in	the	
application	of	de-icing	salt,	ensuring	the	long-term	persistence	of	these	communities.				
	 Three	other	species	Dipsacus	fullonum,	Dipsacus	laciniatus	and	Hordeum	jubatum	were	also	
positively	associated	with	road	type.		Both	species	of	Dipsacus	are	well	known	to	be	spread	by	mowing	
(Cheesman	1998,	Rector	et	al.	2006).		Seeds	can	spread	locally	by	being	knocked	free	from	the	plant	and	
landing	nearby	or	can	be	spread	further	distances	by	attaching	to	a	tractor	or	mower	deck	and	falling	off	
in	a	new	location.		This	is	the	same	mechanism	by	which	agricultural	machinery	has	been	shown	to	serve	
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as	a	disperser	of	non-native	plants	(Auffret	et	al.	2014).		Interstate	and	federal	and	state	highway	
roadsides	may	be	more	likely	to	be	mowed	by	the	same	equipment	for	greater	distances,	which	may	
facilitate	spread	along	these	roads.		In	contrast,	local	road	roadsides	are	more	likely	to	be	mowed	by	
adjoining	landowners,	and	therefore	equipment	will	not	move	seeds	long	distances.		My	findings	for	
these	species	support	findings	by	others	(Gelbard	and	Belnap	2003)	that	increased	maintenance	along	
more	developed	roads	increases	the	likelihood	of	invasion.	
Propagule	Sources	
	 All	of	my	study	species	were	positively	associated	with	distance	to	the	nearest	occupied	
wetland,	implying	that	for	each	species	a	wetland	was	more	likely	to	be	occupied	if	it	was	closer	to	
another	occupied	site.		This	finding	suggests	that	propagule	pressure	from	occupied	wetlands	may	be	an	
important	factor	in	the	spread	of	non-natives,	particularly	for	wetlands	located	along	road	corridors.		
The	importance	of	propagule	pressure	in	explaining	the	invasion	of	roadside	wetlands	is	supported	by	
findings	that	air	currents	generated	by	vehicles	can	disperse	species	along	roads.		Movement	of	seeds	by	
airflows	has	been	documented	both	through	measurements	using	seed	traps	along	roads	(von	der	Lippe	
and	Kowarik	2007,	2008)	and	through	direct	measurement	of	seed	movement	by	a	passing	vehicle	in	a	
controlled	environment	(von	der	Lippe	et	al.	2013).		For	wetland	species,	roadside	ditches	and	storm	
sewers	may	provide	hydrologic	links	that	transport	seeds	between	wetlands	(Maheu-Giroux	and	de	Blois	
2006,	Jodoin	et	al.	2008).		Wetlands	located	near	each	other	are	also	more	likely	to	have	similar	local	
conditions	that	support	establishment	of	a	particular	species.		For	example,	wetlands	near	each	other	
along	interstate	highways	are	likely	to	have	similar	high	salinity	conditions	that	support	halophyte	
species.			
Conclusions	
	 Management	of	non-native	plant	species	requires	an	understanding	of	factors	affecting	their	
spread;	in	urban	areas	the	proximity	of	propagule	sources,	the	proximity	of	roads,	and	the	type	of	roads	
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are	determining	factors.		It	is	important	to	understand	that	these	factors	apply	to	different	species	in	
different	ways	in	these	areas.		For	example,	halophyte	species	occur	in	proximity	to	roads	because	of	de-
icing	salt	run-off,	so	management	of	these	species	requires	controlling	the	use	of	de-icing	salt.		Although	
widespread	use	of	de-icing	salt	will	remain	a	necessary	safety	measure,	transportation	agencies	should	
work	with	natural	area	managers	to	reduce	application	or	use	less	harmful	alternatives	on	roads	
adjoining	natural	areas.		For	other	species,	like	Dipsacus	spp.,	which	are	known	to	be	spread	along	roads	
by	mowing,	cleaning	mowing	equipment	can	reduce	long-distance	seed	dispersal	along	roadsides.		For	
species	that	are	moving	outward	from	core	urban	areas,	increasing	non-native	species	pressure	should	
be	expected	on	surrounding	natural	areas;	natural	area	managers	need	to	be	aware	of	and	address	
potential	new	invaders.			
As	urban	areas	continue	to	expand,	land	development,	road	construction,	and	road	
maintenance	will	continue	to	reshape	the	landscape	facilitating	the	establishment	and	spread	of	non-
native	species.		Application	of	de-icing	salt	has	been	a	major	contributor	to	the	proliferation	of	
halophyte	species	along	roadways	and	has	led	to	the	creation	of	novel	communities.		As	non-native	
plant	species	continue	to	spread	and	urbanization	and	road	construction	and	maintenance	continue	to	
reshape	local	environment	I	expect	that	the	development	of	novel	community	types	will	accelerate.
	17	
	
	
References	
Aronson,	M.	F.	J.,	S.	N.	Handel,	I.	P.	La	Puma,	and	S.	E.	Clemants.	2014.	Urbanization	promotes	non-
native	woody	species	and	diverse	plant	assemblages	in	the	New	York	metropolitan	region.	Urban	
Ecosystems	18:31–45.	
Auffret,	A.	G.,	J.	Berg,	and	S.	A.	O.	Cousins.	2014.	The	geography	of	human-mediated	dispersal.	Diversity	
and	Distributions	20:1450–1456.	
Barton,	A.,	L.	Brewster,	A.	Cox,	and	N.	Prentiss.	2004.	Non-indigenous	woody	invasive	plants	in	a	rural	
New	England	town.	Biological	Invasions	6:205–211.	
Bivand,	R.,	T.	Keitt,	and	B.	Rowlingson.	2014.	rgdal:	Bindings	for	the	Geospatial	Data	Abstraction	Library.	
R	package	version	0.9-1.	http://cran.r-project.org/package=rgdal	
Brisson,	J.,	S.	de	Blois,	and	C.	Lavoie.	2010.	Roadside	as	invasion	pathway	for	common	reed	(Phragmites	
australis).	Invasive	Plant	Science	and	Management	3:506–514.	
Cheesman,	O.	D.	1998.	The	impact	of	some	field	boundary	management	practices	on	the	development	
of	Dipsacus	fullonum	L.	flowering	stems,	and	implications	for	conservation.	Agriculture,	Ecosystems	
and	Environment	68:41–49.	
Christen,	D.	C.,	and	G.	R.	Matlack.	2009.	The	habitat	and	conduit	functions	of	roads	in	the	spread	of	
three	invasive	plant	species.	Biological	Invasions	11:453–465.	
Concepción,	E.	D.,	M.	Moretti,	F.	Altermatt,	M.	P.	Nobis,	and	M.	K.	Obrist.	2015.	Impacts	of	urbanisation	
on	biodiversity:	The	role	of	species	mobility,	degree	of	specialisation	and	spatial	scale.	Oikos.	In	
Press	
Cunningham,	M.	A.,	E.	Snyder,	D.	Yonkin,	M.	Ross,	and	T.	Elsen.	2008.	Accumulation	of	deicing	salts	in	
soils	in	an	urban	environment.	Urban	Ecosystems	11:17–31.	
Early	Detection	&	Distribution	Mapping	System.	2015.	Status	of	invasive	plants	in	Illinois.	Center	for	
Invasive	Species	and	Ecosystem	Health,	University	of	Georgia.	
http://www.eddmaps.org/tools/statereport.cfm?id=us_il	
Environmental	Laboratory.	1987.	Corps	of	Engineers	Wetland	Delineation	Manual.	Technical	Report	Y-
87-1.	Vicksburg,	MS.	
ESRI.	2014.	ArcGIS	10.2.2	for	Desktop.	ESRI,	Redlands,	California.	
ESRI,	and	Tom	Tom	North	America.	2013.	U.S.	and	Canada	Detailed	Streets,	Data	&	Maps	for	ArcGIS,	
2013	-	Street	Map	North	America.	ESRI,	Redlands,	California.	
Fennell,	M.,	J.	E.	Murphy,	C.	Armstrong,	T.	Gallagher,	and	B.	Osborne.	2012.	Plant	spread	simulator:	a	
model	for	simulating	large-scale	directed	dispersal	processes	across	heterogeneous	environments.	
Ecological	Modelling	230:1–10.	
Forman,	R.,	and	L.	Alexander.	1998.	Roads	and	their	major	ecological	effects.	Annual	Review	of	Ecology	
and	Systematics	29:207–231.	
	18	
	
	
Forman,	R.	T.	T.,	D.	Sperling,	J.	A.	Bissonette,	A.	P.	Clevenger,	C.	D.	Cutshall,	V.	H.	Dale,	L.	Fahrig,	R.	
France,	C.	R.	Goldman,	K.	Heanue,	J.	A.	Jones,	F.	J.	Swanson,	T.	Turrentine,	and	T.	C.	Winter.	2003.	
Road	Ecology:	Science	and	Solutions.	Island	Press,	Washington	DC.	
Gavier-Pizarro,	G.	I.,	V.	C.	Radeloff,	S.	I.	Stewart,	C.	D.	Huebner,	and	N.	S.	Keuler.	2010.	Housing	is	
positively	associated	with	invasive	exotic	plant	species	richness	in	New	England,	USA.	Ecological	
Applications	20:1913–1925.	
Gelbard,	J.	L.,	and	J.	Belnap.	2003.	Roads	as	conduits	for	exotic	plant	invasions	in	a	semiarid	landscape.	
Conservation	Biology	17:420–432.	
Genesis	Nursery	Inc.	2013.	Genesis	Nursery,	Inc.	Seed	Mixes.	
http://www.genesisnurseryinc.com/seed_mixes.html	
Hansen,	M.	J.,	and	A.	P.	Clevenger.	2005.	The	influence	of	disturbance	and	habitat	on	the	presence	of	
non-native	plant	species	along	transport	corridors.	Biological	Conservation	125:249–259.	
Hijmans,	R.	J.	2014.	raster:	Geographic	Data	Analysis	and	Modeling.	R	package	version	2.3-12.	
http://cran.r-project.org/package=raster	
Hobbs,	R.	J.,	S.	Arico,	J.	Aronson,	J.	S.	Baron,	P.	Bridgewater,	V.	A.	Cramer,	P.	R.	Epstein,	J.	J.	Ewel,	C.	A.	
Klink,	A.	E.	Lugo,	D.	Norton,	D.	Ojima,	D.	M.	Richardson,	E.	W.	Sanderson,	F.	Valladares,	M.	Vilà,	R.	
Zamora,	and	M.	Zobel.	2006.	Novel	ecosystems:	theoretical	and	management	aspects	of	the	new	
ecological	world	order.	Global	Ecology	and	Biogeography	15:1–7.	
Hobbs,	R.	J.,	E.	S.	Higgs,	and	C.	M.	Hall.	2013.	Defining	Novel	Ecosystems.	Pages	58–60	in	R.	J.	Hobbs,	E.	
S.	Higgs,	and	C.	M.	Hall,	editors.	Novel	Ecosystems:	Intervening	in	the	New	Ecological	World	Order.	
John	Wiley	&	Sons,	Ltd,	West	Sussex,	UK.	
Hulme,	P.	E.	2009.	Trade,	transport	and	trouble:	managing	invasive	species	pathways	in	an	era	of	
globalization.	Journal	of	Applied	Ecology	46:10–18.	
Illinois	Department	of	Transportation.	2014.	Transportation,	Law	Enforcement	Agencies	Announce	
Preparations,	Driving	Reminders	for	Upcoming	Winter.	Illinois	Department	of	Transportation	Press	
Release.	Springfield,	IL.	
Illinois	State	Toll	Highway	Authority.	2015.	Winter	Travel	Tips.	Downers	Grove,	IL.	
http://www.illinoistollway.com	
Iverson,	L.	R.,	D.	Ketzner,	and	J.	Karnes.	1999.	Illinois	Plant	Information	Network.	Illinois	Natural	History	
Survey	and	USDA	Forest	Service.	http://www.nrs.fs.fed.us/data/il/ilpin/	
Jodoin,	Y.,	C.	Lavoie,	P.	Villeneuve,	M.	Theriault,	J.	Beaulieu,	and	F.	Belzile.	2008.	Highways	as	corridors	
and	habitats	for	the	invasive	common	reed	Phragmites	australis	in	Quebec,	Canada.	Journal	of	
Applied	Ecology	45:459–466.	
Joly,	M.,	P.	Bertrand,	R.	Y.	Gbangou,	M.	C.	White,	J.	Dubé,	and	C.	Lavoie.	2011.	Paving	the	way	for	
invasive	species:	Road	type	and	the	spread	of	common	ragweed	(Ambrosia	artemisiifolia).	
Environmental	Management	48:514–522.	
	19	
	
	
Konis,	K.	2013.	safeBinaryRegression:	Safe	Binary	Regression.	R	package	version	0.1-3.	http://cran.r-
project.org/package=safeBinaryRegression	
Lankau,	R.	A.,	V.	Nuzzo,	G.	Spyreas,	and	A.	S.	Davis.	2009.	Evolutionary	limits	ameliorate	the	negative	
impact	of	an	invasive	plant.	Proceedings	of	the	National	Academy	of	Sciences	106:15362–15367.	
Lodge,	D.	M.	1993.	Biological	invasions:	lessons	for	ecology.	Trends	in	Ecology	and	Evolution	8:133–137.	
Mack,	R.	N.,	D.	Simberloff,	W.	M.	Lonsdale,	H.	Evans,	M.	Clout,	and	F.	Bazzaz.	2000.	Biotic	invasions:	
causes,	epidemiology,	global	consequences,	and	control.	Ecological	Applications	10:689–710.	
Maheu-Giroux,	M.,	and	S.	de	Blois.	2006.	Landscape	ecology	of	Phragmites	australis	invasion	in	
networks	of	linear	wetlands.	Landscape	Ecology	22:285–301.	
Mankowski,	A.,	and	J.	Ebinger.	2010.	Changes	in	Illinois’	list	of	endangered	and	threatened	plant	species.	
Erigenia	24:25–26.	
Matthews,	J.	W.,	A.	L.	Peralta,	A.	Soni,	P.	Baldwin,	A.	D.	Kent,	and	A.	G.	Endress.	2009.	Local	and	
landscape	correlates	of	non-native	species	invasion	in	restored	wetlands.	Ecography	32:1031–
1039.	
McKinney,	M.	L.	2002.	Urbanization,	biodiversity,	and	conservation.	BioScience	52:883-890.	
McKinney,	M.	L.	2006.	Urbanization	as	a	major	cause	of	biotic	homogenization.	Biological	Conservation	
127:247–260.	
Meunier,	G.,	and	C.	Lavoie.	2012.	Roads	as	corridors	for	invasive	plant	species:	New	evidence	from	
smooth	bedstraw	(Galium	mollugo).	Invasive	Plant	Science	and	Management	5:92–100.	
Miklovic,	S.,	and	S.	M.	Galatowitsch.	2005.	Effect	of	NaCl	and	Typha	angustifolia	L.	on	marsh	community	
establishment:	a	greenhouse	study.	Wetlands	25:420–429.	
Mohlenbrock,	R.	H.	2002.	Vascular	Flora	of	Illinois:	A	Field	Guide.	Third	Edition.	Southern	Illinois	
University	Press,	Carbondale	and	Edwardsville,	Illinois.	
Natural	Land	Institute.	1981.	Endangered	and	Threatened	Species	of	Illinois:	Status	and	Distribution.	(M.	
Bowles,	V.	Diersing,	J.	Ebinger,	and	H.	Schultz,	Eds.).	Illinois	Department	of	Conservation,	
Springfield,	IL.	
Pimentel,	D.,	R.	Zuniga,	and	D.	Morrison.	2005.	Update	on	the	environmental	and	economic	costs	
associated	with	alien-invasive	species	in	the	United	States.	Ecological	Economics	52:273–288.	
Pyšek,	P.,	and	P.	P.	E.	Hulme.	2005.	Spatio-temporal	dynamics	of	plant	invasions:	linking	pattern	to	
process.	Biological	Invasions	12:302–315.	
QGIS	Development	Team.	2014.	QGIS	Geographic	Information	System	2.6.0.	Open	Source	Geospatial	
Foundation	Project.	
R	Core	Team.	2014.	R:	A	Language	and	Environment	for	Statistical	Computing.	R	Foundation	for	
Statistical	Computing,	Vienna,	Austria.	
	20	
	
	
Rector,	B.	G.,	V.	Harizanova,	R.	Sforza,	T.	Widmer,	and	R.	N.	Wiedenmann.	2006.	Prospects	for	biological	
control	of	teasels,	Dipsacus	spp.,	a	new	target	in	the	United	States.	Biological	Control	36:1–14.	
Richburg,	J.	A.,	W.	A.	Patterson,	and	F.	Lowenstein.	2001.	Effects	of	road	salt	and	Phragmites	australis	
invasion	on	the	vegetation	of	a	Western	Massachusetts	calcareous	lake-basin	fen.	Wetlands	
21:247–255.	
Säumel,	I.,	and	I.	Kowarik.	2010.	Urban	rivers	as	dispersal	corridors	for	primarily	wind-dispersed	invasive	
tree	species.	Landscape	and	Urban	Planning	94:244–249.	
Schwartz,	M.	W.,	J.	H.	Thorne,	and	J.	H.	Viers.	2006.	Biotic	homogenization	of	the	California	flora	in	
urban	and	urbanizing	regions.	Biological	Conservation	127:282–291.	
Seastedt,	T.	R.,	R.	J.	Hobbs,	and	K.	N.	Suding.	2008.	Management	of	novel	ecosystems:	are	novel	
approaches	required?	Frontiers	in	Ecology	and	the	Environment	6:547–553.	
Sharma,	G.	P.,	M.	Kumar,	and	A.	S.	Raghubanshi.	2010.	Urbanization	and	road-use	determines	Calotropis	
procera	distribution	in	the	eastern	Indo-Gangetic	plain,	India.	AMBIO	39:194–197.	
Shea,	K.,	and	P.	Chesson.	2002.	Community	ecology	theory	as	a	framework	for	biological	invasions.	
Trends	in	Ecology	&	Evolution	17:170–176.	
Spyreas,	G.,	J.	Ellis,	C.	Carroll,	and	B.	Molano-Flores.	2004.	Non-native	plant	commonness	and	
dominance	in	the	forests,	wetlands,	and	grasslands	of	Illinois,	USA.	Natural	Areas	Journal	24:290–
299.	
Swink,	F.,	and	G.	S.	Wilhelm.	1994.	Plants	of	the	Chicago	Region.	Fourth	Edition.	Indiana	Academy	of	
Science,	Indianapolis,	IN.	
Theoharides,	K.	A.,	and	J.	S.	Dukes.	2007.	Plant	invasion	across	space	and	time:	Factors	affecting	
nonindigenous	species	success	during	four	stages	of	invasion.	The	New	Phytologist	176:256–273.	
U.S.	Army	Corps	of	Engineers.	2010.	Regional	Supplement	to	the	Corps	of	Engineers	Wetland	
Delineation	Manual:	Midwest	Region	(Version	2.0).	(J.	S.	Wakely,	R.	W.	Lichvar,	C.	V.	Noble,	and	J.	
F.	Berkowitz,	Eds.)	ERDC/EL	TR-10-16.	Vicksburg,	MS.	
U.S.	Forest	Service.	2014.	USDA	Forest	Service	-	Fire	Effects	Information	System.	http://www.feis-
crs.org/beta/	
U.S.	Geological	Survey.	2014.	2011	National	Land	Cover	Dataset.	USGS	Earth	Resources	Observation	and	
Science	Center,	Sioux	Falls,	SD.	
von	der	Lippe,	M.,	J.	M.	Bullock,	I.	Kowarik,	T.	Knopp,	and	M.	C.	Wichmann.	2013.	Human-mediated	
dispersal	of	seeds	by	the	airflow	of	vehicles.	PLOS	ONE	8:e52733.	
von	der	Lippe,	M.,	and	I.	Kowarik.	2007.	Long-distance	dispersal	of	plants	by	vehicles	as	a	driver	of	plant	
invasions.	Conservation	Biology	21:986–996.	
von	der	Lippe,	M.,	and	I.	Kowarik.	2008.	Do	cities	export	biodiversity?	Traffic	as	dispersal	vector	across	
urban-rural	gradients.	Diversity	and	Distributions	14:18–25.	
	21	
	
	
Williamson,	M.	1999.	Invasions.	Ecography	22:5–12.	
Young,	D.	1994.	Kane	County	Wild	Plants	&	Natural	Areas.	Second	Edition.	Kane	County	Forest	Preserve	
District,	Batavia,	Illinois.	
	
	 	
	22	
	
	
CHAPTER	2:	LANDSCAPE	CONTEXT	AND	CONFIGURATION	PREDICT	THE	OCCURRENCE	OF	NOVEL	
WETLAND	PLANT	COMMUNITIES	IN	THE	CHICAGO	REGION	
Introduction	
Traditionally,	non-native	plant	species	have	been	viewed	as	invaders	that	spread	across	a	
landscape,	infiltrating	existing	native	communities	(Williamson	and	Fitter	1996a,	1996b,	Mack	et	al.	
2000,	Theoharides	and	Dukes	2007,	Foxcroft	et	al.	2011).		However,	in	urban	areas	where	non-native	
plants	are	already	abundant	and	widely	distributed,	this	invasion	framework	may	not	be	the	most	useful	
way	of	understanding	the	distribution	of	non-native	plant	species.		The	abundance	of	non-native	plants	
and	the	creation	of	new	habitats	through	urbanization	make	it	more	appropriate	to	view	these	
communities	as	entirely	novel.		The	term	“novel	community”	encompasses	a	variety	of	conditions	
including	new	assemblages	of	species	originating	from	different	locations,	communities	with	no	natural	
analog,	and	changes	in	community	composition	in	response	to	climate	or	atmospheric	changes	(Hobbs	
et	al.	2006,	Seastedt	et	al.	2008).		The	novel	community	framework	is	increasingly	applied	for	
understanding	and	managing	human	modified	landscapes	(Hobbs	et	al.	2006,	2013,	Seastedt	et	al.	2008,	
Wilsey	et	al.	2009,	Lurgi	et	al.	2012).		In	urban	areas,	where	habitats	have	been	greatly	altered,	non-
native	species	have	coalesced	into	novel	communities.		Alteration	of	habitat	includes	changes	in	local	
environmental	conditions	as	well	as	changes	in	landscape	configuration,	such	as	the	arrangement	of	and	
distance	between	habitat	patches	within	the	urban	landscape.		My	study	examined	how	anthropogenic	
alterations	to	the	urban	landscape	shape	the	composition	and	distribution	of	novel	plant	communities,	
which	occur	repeatedly	across	the	urban	landscape.		
Urbanization	is	associated	with	changes	in	the	local	environment	via	reduction	of	habitat	area,	
elimination	of	unique	community	types,	introduction	of	new	propagule	sources,	alteration	of	wetland	
hydrology,	and	eutrophication	of	run-off	(Reinelt	et	al.	1998,	McKinney	2002,	2006,	Schwartz	et	al.	2006,	
Hogan	and	Walbridge	2007).		These	changes	in	the	local	environment	have	resulted	in	increased	
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susceptibility	to	colonization	by	non-native	plant	species	(Alpert	et	al.	2000,	McKinney	2002).		As	a	
result,	the	presence	and	extent	of	urban	land	cover	around	a	plant	community	have	been	shown	to	be	
reliable	indicators	of	non-native	species	presence	and	abundance	(Aronson	et	al.	2014,	González-
Moreno	et	al.	2014,	Thomas	and	Moloney	2014).	
In	urban	areas	the	proximity	and	density	of	roads	are	also	reliable	indicators	of	disturbance	
(Gavier-Pizarro	et	al.	2010).		Construction	of	roads	results	in	the	removal	of	native	vegetation,	soil	
disturbance,	and	re-vegetation	with	native	and	non-native	species;	and	maintenance,	including	mowing	
and	herbicide	application,	can	negatively	affect	native	vegetation	(Forman	and	Alexander	1998,	Forman	
et	al.	2003,	Gelbard	and	Belnap	2003,	Hansen	and	Clevenger	2005).		Together	the	construction	and	on-
going	maintenance	of	roads	facilitate	the	establishment	and	spread	of	non-native	plant	species	by	
providing	disturbed	habitats	that	are	often	colonized	by	non-native	species	(Gelbard	and	Belnap	2003,	
Kalwij	et	al.	2008,	Joly	et	al.	2011,	Meunier	and	Lavoie	2012).			
Fragmentation	of	native	land	cover	caused	by	urbanization	has	divided	once	contiguous	habitats	
into	isolated	patches	(McKinney	2006,	Hahs	et	al.	2009).		These	patches	now	exist	within	a	matrix	of	
urban	land	use.		Linear	landscape	features	like	roadside	habitats	can	provide	corridors	that	link	these	
patches	together	through	seed	transport	(Maheu-Giroux	and	de	Blois	2006,	Thiele	et	al.	2008).		Passing	
vehicles,	particularly	vehicles	moving	at	highway	speeds,	create	air	currents	that	blow	seeds	or	plant	
material	along	roadways	(von	der	Lippe	and	Kowarik	2007,	2008,	von	der	Lippe	et	al.	2013).		Vehicles	
can	also	directly	carry	attached	seeds	or	plant	material	(Hansen	and	Clevenger	2005).		Connections	
between	patches	increase	the	likelihood	that	seeds	will	be	dispersed	between	patches	and	that	non-
native	populations	will	establish	(Thiele	et	al.	2008,	Minor	et	al.	2009,	Vilà	and	Ibáñez	2011,	Minor	and	
Gardner	2011).			
Anthropogenic	changes	in	the	local	environment	and	landscape	configuration	facilitate	the	
distribution	of	non-native	plants	and	likely	contribute	to	the	assembly	of	similar	non-native	communities	
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throughout	an	urbanizing	region.		The	objectives	of	my	study	were	to:	1)	characterize	the	non-native	
components	of	urban	wetland	communities	in	the	Chicago	region	of	Illinois,	USA,	and	2)	relate	
anthropogenic	alterations	of	the	local	environment	and	landscape	configuration	to	patterns	of	similarity	
among	wetlands	in	their	non-native	species	composition.		I	used	species	occurrence	data	from	more	
than	2,000	wetlands	in	the	Chicago	region	to	examine	non-native	species	composition	and	identify	non-
native-dominated	community	types;	I	then	conducted	a	similarity-based	analysis	to	show	that	these	
novel	communities	are	repeated	across	the	landscape	in	a	predictable	way.		I	evaluated	the	contribution	
of	surrounding	land	cover,	proximity	and	type	of	nearby	roads,	and	spatial	distances	among	wetlands	to	
the	similarity	of	plant	communities	among	wetlands.		I	predicted	that	similar	changes	to	the	landscape,	
in	the	form	of	anthropogenic	land	cover	change	and	road	building	and	maintenance,	would	lead	to	
similar	non-native	species	assemblages.			
Methods	
Study	Area	
This	study	was	conducted	within	the	Chicago	metropolitan	region	in	northeastern	Illinois,	an	
area	that	includes	Cook,	DuPage,	Kane,	Lake,	McHenry	and	Will	Counties	(Figure	2.1).		This	area	includes	
a	gradient	of	urban	to	rural	land	uses	and	is	heavily	impacted	by	invasive	species	(Early	Detection	&	
Distribution	Mapping	System	2015).			
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Figure	2.1	–	Study	location	map.	
INHS-IDOT	Dataset	
Wetlands	used	in	this	study	were	originally	mapped	by	the	Illinois	Natural	History	Survey	(INHS)	
in	advance	of	Illinois	Department	of	Transportation	construction	projects.		Wetlands	were	identified	and	
mapped	following	U.S.	Army	Corps	of	Engineers	methodology	under	the	Clean	Water	Act.		To	be	
considered	a	wetland	an	area	must	possess	hydrophytic	vegetation,	indicators	of	wetland	hydrology	and	
hydric	soils	(Environmental	Laboratory	1987,	U.S.	Army	Corps	of	Engineers	2010).	The	boundaries	of	the	
wetlands	were	mapped	in	the	field	using	a	global	positioning	system	(GPS)	receiver.		In	addition,	a	list	of	
all	plant	species	observed	in	the	wetland	was	recorded.			
I	considered	all	wetlands	mapped	by	INHS	within	the	study	area	between	2002	and	2013,	with	
complete	records,	for	inclusion	in	this	study.		I	included	only	wetlands	investigated	between	April	and	
October	because	wetlands	investigated	outside	the	growing	season	were	likely	to	have	incomplete	
species	lists.		Due	to	the	original	purposes	of	the	data	collection,	spatial	overlaps	existed	among	some	
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sampled	areas.		Where	spatial	overlaps	occurred,	I	selected	the	most	recent	investigation.		The	resulting	
sample	contained	2,002	wetlands.	
Non-native	Species	
Designation	of	species	as	native	or	non-native	follows	The	Vascular	Flora	of	Illinois	
(Mohlenbrock	2002)	with	some	exceptions.		Several	species	which	are	native	to	far	southern	Illinois	are	
considered	introduced	in	the	Chicago	region	(Swink	and	Wilhelm	1994,	Mohlenbrock	2002).		Therefore,	I	
considered	Catalpa	speciosa,	Cratagus	phaenopyrum,	Pentaphylloides	floribunda,	Physocarpus	
opulifolius,	Robinia	pseudoacaia,	Taxodium	distichum,	Thuja	occidentalis	and	Viburnum	recognitum	to	
be	non-native	for	this	study.		Phragmites	australis	is	considered	native	to	Illinois	(Mohlenbrock	2002)	
and	the	Chicago	region	(Swink	and	Wilhelm	1994).		Although	native	genotypes	are	present	in	the	region,	
an	introduced	Eurasian	genotype	is	common,	particularly	in	disturbed	roadside	habitats	(Saltonstall	
2002,	2003,	Price	et	al.	2014).		Because	the	majority	of	wetlands	in	this	study	are	located	along	
roadways,	all	occurrences	of	Phragmites	australis	were	assumed	to	be	the	non-native	variety.	
I	calculated	Sorenson’s	dissimilarity	index	for	non-native	species	for	every	pair	of	wetlands.		
Sorensen’s	dissimilarity	index	is	defined	as	!" = 1 − (2(/(2( + + + ,))	where:	a	is	the	number	of	species	
common	to	both	wetlands,	b	is	the	number	of	species	unique	to	the	first	wetland	and	c	is	the	number	of	
species	unique	to	the	second	wetland	(Legendre	and	Legendre	2012).		The	index	returns	a	value	
between	one	and	zero,	where	one	indicates	that	the	two	wetlands	have	no	species	in	common	and	zero	
indicates	that	the	species	present	are	identical	in	both	sites.		Dissimilarity	was	computed	using	R	3.1.1	
and	the	vegan	package	(Oksanen	et	al.	2013,	R	Core	Team	2014).			
Community	Types	
I	presumed	that	some	of	the	dissimilarity	in	the	non-native	species	composition	between	
wetlands	could	be	accounted	for	by	differences	in	community	type.			Therefore,	I	used	hierarchical	
clustering	to	assign	wetlands	into	community	type	clusters	based	on	species	occurrences.		Clustering	
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requires	a	method	of	determining	how	different	plant	communities	in	each	wetland	are	from	one	
another.		Sorenson’s	dissimilarity	index	was	computed	for	each	pair	of	wetlands	using	the	entire	species	
list,	both	natives	and	non-natives,	for	each	wetland.		Dissimilarity	was	computed	using	R	and	the	vegan	
package	(Oksanen	et	al.	2013,	R	Core	Team	2014).			
Hierarchical	clustering	is	used	to	divide	objects	in	a	dataset	into	subsets	and	then	divide	those	
subsets	into	a	series	of	smaller	subsets	based	on	the	similarity	of	the	objects	in	those	subsets.		Ward’s	
minimum	variance	clustering,	a	method	that	splits	the	data	based	on	minimizing	the	within	group	sum	
of	squares,	was	used	to	partition	groups	(Borcard	et	al.	2011).		Clusters	were	computed	using	R	and	the	
hclust	function	(R	Core	Team	2014).		Selection	of	an	appropriate	number	of	clusters	was	made	by	
reviewing	the	clustering	dendrogram	and	the	number	of	sites	within	each	cluster.		Indicator	species	
analysis	was	performed	to	identify	characteristic	species	for	each	cluster;	analysis	was	performed	using	
R	and	the	indicspecies	package	(Cáceres	and	Legendre	2009).			
Predictor	Variables	
Non-native	species	dissimilarity	was	correlated	with	predictor	variables	that	included	measures	
of	local	environmental	factors	and	inter-wetland	distance,	a	measure	of	landscape	configuration.		All	
variables	were	measured	using	ArcGIS	10.2.2	(ESRI	2014)	or	R	3.1.1	with	packages	raster	and	rgdal	
(Bivand	et	al.	2014,	Hijmans	2014,	R	Core	Team	2014).		All	GIS	datasets	were	projected	to	planar	
coordinates	and	all	distances	are	planar	measurements.		Prior	to	analysis	predictor	variables	were	
converted	to	distance/dissimilarity	matrices	to	obtain	pairwise	comparisons	between	all	pairs	of	
wetlands	(Borcard	et	al.	2011).		Conversions	were	made	using	R	with	the	cluster,	foreach	and	spaa	
packages	(Zhang	2013,	Maechler	et	al.	2014,	Revolution	Analytics	and	Weston	2014).		I	used	the	below	
listed	predictor	variables.	
1. Local	Environment	–	Land	Cover:		I	described	the	land	cover/use	of	the	area	surrounding	each	
wetland’s	centroid.		Wetland	centroid	points	were	buffered	at	100	m	and	1	km,	representing	the	
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local	and	neighborhood	contexts,	respectively.		Proportions	of	eight	land	cover	types	
(agriculture,	urban	land,	forest,	shrubland,	grassland,	wetland,	water,	and	barren	ground)	
present	within	the	buffers	were	calculated	for	every	wetland.		I	used	the	National	Land	Cover	
2011	Dataset	for	Illinois	for	this	analysis	(U.S.	Geological	Survey	2014).		Detailed	land	cover	
classes	were	aggregated	into	general	classes,	e.g.	high,	medium,	and	low	intensity	developed	
land	classes	were	classified	as	urban	land.			
2. Local	Environment	–	Distance	to	Road:		I	measured	distance	between	the	edge	of	each	wetland	
and	the	nearest	road.		This	distance	serves	as	a	measure	of	the	likelihood	that	a	wetland	will	be	
affected	by	a	road.		Road	locations	were	obtained	from	ESRI’s	Street	Map	North	America	dataset	
(ESRI	and	Tom	Tom	North	America	2013).	
3. Local	Environment	–	Road	Type:		I	classified	the	road	type	adjacent	to	each	wetland	using	five	
categories	(Table	2.1).		Road	categories	were	intended	to	incorporate	multiple	factors	that	
contribute	to	a	road’s	function	in	dispersing	or	providing	habitat	for	non-native	species;	these	
include	traffic	volume,	vehicle	speed,	and	disturbance	from	road	construction	and	ongoing	
roadway	maintenance.		Each	of	these	factors	increases	with	increasing	road	class	ranking,	e.g.	
interstate	highways	(Road	Class	5)	have	the	greatest	speeds,	traffic	volume	and	disturbance	
from	construction	and	maintenance.		Use	of	road	type	as	a	proxy	for	these	factors	is	supported	
by	findings	that	non-native	species	abundance	increases	with	road	improvement	(Gelbard	and	
Belnap	2003,	Joly	et	al.	2011).		Road	type	was	modified	from	ESRI’s	Street	Map	North	America	
dataset	(ESRI	and	Tom	Tom	North	America	2013).	
Table	2.1	–	Road	type	classification.	
Road	Class	 Description	
5	 interstate	and	limited	access	federal	and	state	highways	
4	 federal	and	state	highways	(except	those	included	above)	
3	 major	roads	(county	highways,	arterial	and	collector	roads)	
2	 local	roads	(neighborhood	roads)	
1	 courts	and	cul-de-sacs	
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4. Landscape	Configuration	–	Straight-line	Distance:	I	measured	the	straight-line	distance	
(Euclidean	distance)	between	each	pair	of	wetlands.			
5. Landscape	Configuration	–	Road	Network	Distance:	I	calculated	the	distance	between	each	pair	
of	wetlands	along	the	shortest	drivable	route	along	roads.		I	included	this	predictor	because	
road	corridors	provide	functional	connectivity	between	wetlands,	and	thus	species	dispersal	
may	preferentially	follow	roads	rather	than	be	uniform	in	every	direction.		All	wetlands	were	
considered	to	be	connected	to	the	road	network.		Each	wetland	was	placed	on	the	road	nearest	
its	centroid.		ESRI’s	Street	Map	North	America	data	were	used	as	the	as	the	road	network	
dataset	(ESRI	and	Tom	Tom	North	America	2013),	and	distances	were	calculated	using	the	
Network	Analyst	extension	for	ArcGIS	(ESRI	2014).	
Stream	Network	
Functional	connectivity	between	wetlands	may	also	be	provided	by	the	network	of	streams	
which	drain	into	and	out	of	some	wetlands.		Within	the	Chicago	region	stream	networks	have	been	
highly	altered	through	channelization,	relocation	and	burying	small	streams	in	storm	sewers.		These	
alterations	prevent	using	the	stream	network	for	assessing	landscape	configuration	at	the	regional	scale.		
To	assess	the	differences	between	road	and	stream	networks	in	dispersing	and	providing	habitat	for	
non-native	species	a	watershed-based	analysis	using	a	subset	of	the	data	was	conducted	for	the	
Nippersink	Creek	watershed	in	McHenry	County	(Appendix	B).			
Statistical	Analysis	
I	tested	for	correlation	between	non-native	species	dissimilarity	and	the	predictor	variables	
using	Mantel	tests.		The	Mantel	test	assesses	correlation	between	two	distance/dissimilarity	matrices;	
the	partial	Mantel	test	extends	the	test	to	control	for	additional	distance	matrices	(Goslee	and	Urban	
2007).		I	used	Mantel	tests	to	determine	the	correlation	between	species	dissimilarity	and	each	
predictor	variable	independently.		I	repeated	this	analysis	individually	for	each	wetland	community	type.		
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Partial	Mantel	tests	were	run	to	determine	if	significant	predictors	identified	by	Mantel	tests	remained	
significant	after	controlling	for	the	effects	of	other	predictor	variables.		Significance	testing	of	the	
correlations	was	performed	using	1000	Monte	Carlo	simulations	and	confidence	intervals	were	
determined	by	bootstrapping	with	500	permutations.		In	addition,	for	measures	of	inter-wetland	
distance,	I	used	Mantel	correlograms	to	determine	the	distance	ranges	over	which	the	predictors	were	
correlated	with	non-native	species	dissimilarity.		The	Mantel	correlogram	is	a	calculation	of	the	Mantel	
correlation	for	a	specified	range	of	distance/dissimilarity	of	predictor	variables	(Goslee	and	Urban	2007).		
All	tests	were	performed	using	R	3.1.1	and	the	ecodist	package	(Goslee	and	Urban	2007,	R	Core	Team	
2014).	
Results	
Vegetation	
Of	the	2,002	wetlands	selected	for	analysis	99.25%	contained	at	least	one	non-native	species.		
Non-native	species	dissimilarity	could	not	be	calculated	for	wetlands	without	non-natives;	therefore,	
those	wetlands	were	excluded	from	further	analysis.		Among	the	remaining	1,987	wetlands,	the	number	
of	non-native	species	ranged	from	1	to	35	and	the	number	of	native	species	ranged	from	0	to	180,	with	
means	of	7.10	and	16.18	respectively	(Figure	2.2).		A	total	of	233	non-native	species	were	identified	
across	the	study	sites.		I	also	identified	the	most	abundant	non-native	species	within	the	sampled	
wetlands	(Figure	2.3).		Phalaris	arundinacea	was	the	most	common	non-native	species,	occurring	in	
73.93%	of	study	wetlands.		By	comparison	the	most	common	native	species,	Vitis	riparia,	occurred	in	
only	46.50%	of	wetlands.	
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Figure	2.2	–	Percentages	of	non-native	species	in	study	wetlands.	
	
	
Figure	2.3	–	Percentage	of	wetlands	in	which	the	10	most	common	non-native	species	occurred.		
Community	Type	Clusters	
	 I	used	cluster	analysis	to	separate	wetlands	into	community	types.		After	a	visual	review	of	the	
resulting	dendrogram,	I	cut	the	dendrogram	at	a	level	resulting	in	six	clusters	(Appendix	C,	Figure	C.1).		
Cutting	at	a	level	with	fewer	clusters	produced	clusters	with	too	much	variation,	whereas	cutting	at	a	
level	with	more	clusters	would	have	resulted	in	a	large	number	of	clusters	with	very	few	wetlands	in	
each.		I	performed	indicator	species	analysis	to	identify	distinctive	species	for	each	cluster.		Community	
type	names	were	assigned	by	reviewing	the	indicator	species	and	the	frequency	at	which	species	
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occurred	in	each	of	the	clusters	(Table	2.2).		The	assigned	community	types	were	checked	for	
consistency	with	community	types	assigned	in	the	original	dataset.		Five	of	the	six	community	clusters	
could	be	identified	as	distinct	community	types	and	were	used	for	further	analysis.	
Table	2.2	–	Results	of	cluster	analysis	of	wetland	sites	based	on	species	dissimilarity.	
Cluster	 Community	 Number	of	Wetlands	 Indicator	Species	 Most	Common	Species	
1	 Undetermined	 383	
Cornus	obliqua		
Populus	deltoides		
Lycopus	americanus																								
Scirpus	atrovirens																							
Solidago	gigantea																									
Phalaris	arundinacea*	
Vitis	riparia	
Fraxinus	lanceolata	
Rhamnus	cathartica*	
Populus	deltoides	
2	 Wet	Meadow	 250	
Phalaris	arundinacea*	
Urtica	gracilis			
Solanum	dulcamara*						
Sambucus	canadensis			
Ambrosia	trifida							
Phalaris	arundinacea*	
Acer	negundo	
Vitis	riparia	
Rhamnus	cathartica*	
Solanum	dulcamara	
3	 Marsh	 639	
Solidago	canadensis							
Lythrum	salicaria*										
Verbena	hastata												
Juncus	dudleyi	
Juncus	torreyi													
Phalaris	arundinacea*	
Typha	angustifolia*	
Solidago	canadensis	
Cirsium	arvense*	
Rumex	crispus*	
4	 Forested	Wetland	 218	
Fraxinus	lanceolata	
Ulmus	americana	
Rhamnus	cathartica*	
Geum	canadense																				
Toxicodendron	radicans													
Fraxinus	lanceolata	
Rhamnus	cathartica*	
Vitis	riparia	
Ulmus	americana	
Acer	saccharinum	
5	 Farmed	Wetland	/	Mudflat	 313	
Echinochloa	muricata																	
Eleocharis	erythropoda															
Rumex	crispus*	
Cyperus	esculentus		
Veronica	peregrina																																				
Rumex	crispus*	
Phalaris	arundinacea*	
Typha	angustifolia*	
Eleocharis	erythropoda	
Echinochloa	muricata	
6	 Roadside	Marsh	 185	
Solidago	sempervirens*	
Phragmites	australis*	
Typha	angustifolia*	
Hordeum	jubatum*																	
Dipsacus	laciniatus*														
Typha	angustifolia*	
Phragmites	australis*	
Cirsium	arvense*	
Solidago	sempervirens*	
Rumex	crispus*	
Asterisks	(*)	denote	non-native	species	 	
	
Mantel	Tests	–	All	Wetlands	
When	all	wetlands	were	analyzed	together	non-native	species	dissimilarity	was	most	strongly	
correlated	with	land	cover	at	100	m	(Mantel	r	=	0.130,	p	=	0.001)	(Figure	2.4).		Differences	between	
straight-line	and	road	distance	could	not	be	detected	as	Mantel	r	values	for	the	two	measures	of	inter-
wetland	distance	were	not	different	from	one	another	as	determined	by	overlapping	95%	confidence	
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intervals.		Inter-wetland	distances	remained	weakly	correlated	with	species	dissimilarity	after	controlling	
for	land	cover	at	100	m	with	a	partial	Mantel	test	(straight-line	distance,	partial	Mantel	r	=	0.062,	p	=	
0.001;	road	network	distance,	partial	Mantel	r	=	0.061,	p	=	0.001).		Land	cover	at	100	m	remained	
strongly	correlated	with	non-native	species	dissimilarity	even	after	controlling	for	all	other	predictors	
(Appendix	C,	Table	C.1).		Land	cover	at	100	m	was	dominated	by	developed	land	(Figure	2.5).	
	
Figure	2.4	–	Mantel	correlation	coefficients	for	all	wetlands.		Error	bars	represent	95%	confidence	
intervals	for	correlation	coefficients.	
*	P	≤	0.05,	**	P	≤	0.01,	***	P	≤	0.001	
	
Figure	2.5	–	Percentage	of	land	cover	types	within	the	100-m	buffer	around	wetland	centroids	for	all	
wetlands	and	each	of	the	community	type	clusters.	
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Mantel	Tests	–	Clusters	
Results	of	the	Mantel	tests	for	each	of	the	community	type	clusters	were	similar	to	the	results	
from	all	wetlands	combined	(Figures	2.6	–	2.10).		Land	cover	and	inter-wetland	distance	remained	the	
strongest	predictors.		The	wet	meadow	community	type	cluster	(cluster	2)	was	an	exception	to	this	
general	pattern;	land	cover	at	100	m	was	not	significant.		Land	cover	at	1	km	was	significant	(Mantel	r	=	
0.041,	p	<	0.01),	but	the	Mantel	r	was	lower	than	those	for	inter-wetland	distance	(straight-line	
distance,	Mantel	r	=	0.100,	p	=	0.001;	road	network	distance,	Mantel	r	=	0.102,	p	=	0.001).		The	
mudflat/farmed	wetland	community	cluster	(cluster	5)	exhibited	a	contrasting	pattern.		Although	all	
inter-wetland	distance	and	land	cover	predictors	were	significant,	the	Mantel	r	for	land	cover	at	100	m	
(Mantel	r	=	0.134,	p	=	0.001)	was	much	greater	than	Mantel	r	values	for	all	other	predictors.		For	the	
roadside	marsh	community	cluster	(cluster	6),	distance	to	road	and	road	type	were	significantly	
correlated	with	species	dissimilarity	(distance	to	road,	Mantel	r	=	0.114,	p	=	0.012;	road	type,	Mantel	r	=	
0.071,	p	=	0.002).		Road	network	distance	was	not	a	better	predictor	than	straight-line	distance	for	any	
of	the	wetland	community	types.			
	
Figure	2.6	–	Mantel	correlation	coefficients	for	cluster	2	–	wet	meadow	wetlands.		Error	bars	represent	
95%	confidence	intervals	for	correlation	coefficients.	
*	P	≤	0.05,	**	P	≤	0.01,	***	P	≤	0.001	
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Figure	2.7	–	Mantel	correlation	coefficients	for	cluster	3	–	marsh	wetlands.		Error	bars	represent	95%	
confidence	intervals	for	correlation	coefficients.	
*	P	≤	0.05,	**	P	≤	0.01,	***	P	≤	0.001	
	
Figure	2.8	–	Mantel	correlation	coefficients	for	cluster	4	-	forested	wetlands.		Error	bars	represent	95%	
confidence	intervals	for	correlation	coefficients.	
*	P	≤	0.05,	**	P	≤	0.01,	***	P	≤	0.001	
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Figure	2.9	–	Mantel	correlation	coefficients	for	cluster	5	–	mudflat/farmed	wetlands.		Error	bars	
represent	95%	confidence	intervals	for	correlation	coefficients.	
*	P	≤	0.05,	**	P	≤	0.01,	***	P	≤	0.001	
	
Figure	2.10	–	Mantel	correlation	coefficients	for	cluster	6	–	roadside	marsh	wetlands.		Error	bars	
represent	95%	confidence	intervals	for	correlation	coefficients.		Discrepancies	between	the	significance	
testing	and	confidence	limits	can	arise	due	to	the	procedures	used.		The	significance	testing	compares	
the	r	value	to	permutations	of	all	samples	while	the	confidence	intervals	are	determined	by	a	
bootstrapping	procedure	and	provide	an	estimate	of	variation	within	the	population	(Goslee	and	Urban	
2007).			
*	P	≤	0.05,	**	P	≤	0.01,	***	P	≤	0.001	
	
Mantel	Correlograms	
	 Mantel	correlograms	were	used	to	assess	the	distance	decay	in	the	relationship	between	
species	similarity	and	inter-wetland	distance.		The	correlation	between	species	similarity	and	inter-
wetland	distance	decreased	as	the	distance	between	wetlands	increased	(Figure	2.11).		The	Mantel	r	
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values	remained	positive	up	to	approximately	40	km,	beyond	which	there	was	no	or	a	negative	
correlation.		Correlograms	for	the	community	type	clusters	are	included	in	Appendix	C.		
	 	
	 	
Figure	2.11	–	Mantel	correlograms	for	species	dissimilarity	of	all	wetlands	versus	(a)	straight-line	and	(b)	
road	network	distance.		Solid	circles	denote	significance	at	p	=	0.05.	
	
	 	
a.	
b.	
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Discussion	
	 The	presence	of	at	least	one	non-native	plant	species	in	nearly	every	sampled	wetland	indicates	
that	non-native	plants	are	widespread	across	the	Chicago	region.		Two	trends	in	the	distributions	of	non-
native	plants	were	observed.		First,	a	few	non-native	plant	species	were	present	in	a	large	number	of	
sampled	wetlands,	and	second	a	large	total	number	of	non-native	plant	species	occurred	in	the	region,	
but	many	occurred	infrequently.		The	most	abundant	non-native	species	occurred	in	nearly	74%	of	the	
sampled	wetlands,	whereas	the	majority	of	the	more	than	two	hundred	non-native	species	observed	
occurred	in	only	a	small	number	of	wetlands.		Considering	only	rates	of	occurrence	of	individual	species,	
there	appear	to	be	a	few	widespread	aggressive	invaders	and	many	infrequently	occurring	non-natives.		
It	is	also	important	to	consider	the	overall	species	composition	of	the	region’s	wetlands.		Non-natives	
were	present	in	over	99%	of	the	2,002	sampled	wetlands	and	on	average	were	over	a	third	of	the	
species	present	in	each	wetland	(mean	34.72%,	median	31.58%).		In	some	sites,	all	species	were	non-
native.				
	 Furthermore,	many	of	the	most	abundant	non-natives	found	in	study	wetlands	are	considered	
to	be	highly	invasive,	including	Phalaris	arundinacea	(73.93%	of	wetlands),	Typha	angustifolia	(51.13%),	
Rhamnus	cathartica	(37.49%),	and	Phragmites	australis	(31.35%)	(Maurer	and	Zedler	2002,	Knight	et	al.	
2007,	Lelong	et	al.	2007,	Shih	and	Finkelstein	2008).		While	I	do	not	have	species	abundance	data	for	the	
sampled	wetlands,	these	species	often	become	dominant	where	established.		Widespread	presence	of	
non-native	species,	including	these	widely	distributed,	aggressively	spreading	non-natives,	has	resulted	
in	plant	assemblages	that	no	longer	resemble	native	wetland	communities.		The	wet	meadow	and	marsh	
communities	are	evidence	of	this;	the	most	common	species	in	both	community	types	is	now	Phalaris	
arundinacea,	and	it	was	the	second	most	common	species	in	the	farmed	wetland/mudflat	communities.		
In	the	roadside	marsh	the	top	five	indicator	species	were	non-native,	including	Typha	angustifolia	and	
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Phragmites	australis.		Species	composition	of	these	wetlands	indicates	that	a	majority	of	the	wetlands	
included	in	this	study	could	be	considered	novel	communities.	
Local	Environmental	Conditions	
	 	My	study	included	two	components	of	the	local	environment	that	are	contributing	to	the	
assembly	of	these	novel	communities,	anthropogenic	land	use	and	roads.		At	the	regional	level,	land	
cover	was	an	important	predictor	of	non-native	community	composition.		Similarity	in	non-native	
species	composition	was	correlated	with	the	similarity	of	surrounding	land	cover;	with	the	local	site	
context	(100-m	buffer)	being	more	important	than	the	larger	neighborhood	context	(1-km	buffer).		This	
is	expected	as	disturbances	in	the	immediate	vicinity	of	a	wetland	will	have	the	largest	effect	upon	
species	composition	(Bowman	Cutway	and	Ehrenfeld	2009,	2010).			
	 	Developed	land	is	the	predominant	land	cover	within	the	study	region	(U.S.	Geological	Survey	
2014)	and	comprised	the	majority	of	the	land	cover	surrounding	wetlands	(100-m	buffer),	ranging	from	
a	low	of	56.96%	for	the	wet	meadow	community	cluster	to	91.07%	for	the	roadside	marsh	community	
cluster	(Figure	2.5).		Urbanization	is	a	driver	of	novel	of	wetland	communities	through	disturbance	that	
changes	natural	wetlands	and	through	the	creation	of	new	wetlands,	both	intentionally	and	
unintentionally.		Natural	wetlands	have	been	affected	by	changes	to	their	hydrology	making	them	
wetter	or	drier,	increased	nutrients,	and	dumping	and	filling	(Reinelt	et	al.	1998,	Kentula	et	al.	2004).		
Wetlands	have	been	created	intentionally	in	urban	areas	by	excavating	areas	to	route	or	retain	
stormwater	run-off	(Moore	and	Hunt	2012).		Wetlands	have	also	been	created	unintentionally	when	
grading	or	an	increase	in	impervious	surfaces	have	resulted	in	increased	run-off	into	adjacent	low	lying	
areas.		Flooding	and	increases	in	nutrient	laden	run-off	from	urban	areas	have	been	shown	to	favor	the	
establishment	of	non-natives	including	Phalaris	arundinacea	(Galatowitsch	et	al.	2000,	Kercher	and	
Zedler	2004).		The	presence	of	Phalaris	arundinacea	in	over	70%	of	the	study	wetlands	suggests	a	strong	
influence	of	the	urban	land	cover	surrounding	wetlands	as	a	driver	of	plant	community	change.	
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Prior	to	urbanization	the	Chicago	region	was	first	converted	from	natural	land	cover	to	
agricultural	land	uses	(Iverson	1988).		Agriculture	remains	the	predominant	land	use	along	the	northern,	
western	and	southern	peripheries	of	the	study	area	(U.S.	Geological	Survey	2014).		Annual	soil	
disturbance	from	plowing	of	agricultural	fields	creates	open	areas	that	can	be	colonized	by	non-natives.		
This	is	particularly	true	for	areas	that	are	too	wet	for	crops	to	be	established	in	most	years.		Although	
attempts	are	frequently	made	to	cultivate	these	areas,	crops	rarely	establish,	and	the	areas	are	
colonized	by	annual	and	weedy	species.		In	the	mudflat/farmed	wetland	community	these	species	
included	weedy	native	species	like	Echinochloa	muricata	as	well	as	non-natives	like	Rumex	crispus.		
Beyond	surrounding	land	cover,	roads	are	an	important	component	of	the	local	environment	of	
wetlands	in	urban	areas.		I	assessed	the	effects	of	roads	by	analyzing	the	relationships	between	non-
native	species	similarity	and	distance	to	roads	and	road	types,	and	found	a	significant	relationship	with	
distance	to	roads	for	all	wetlands	as	well	as	three	out	of	the	five	community	clusters.		Positive	
correlation	between	non-native	species	dissimilarity	and	dissimilarity	of	distance	to	road	implies	that	
wetlands	that	are	near	roads	are	compositionally	more	similar	to	one	another,	and	that	wetlands	that	
are	far	from	roads	are	compositionally	more	similar	to	one	another.		This	is	supported	by	findings	that	
some	non-natives	are	known	to	occur	most	frequently	in	close	proximity	to	roads	(see	Chapter	1).		
Furthermore,	road	type	was	a	significant	predictor	of	community	similarity	for	all	wetlands	together	as	
well	as	the	roadside	marsh	community	cluster	(Figures	1.4	and	1.11).		Road	type	was	a	significant	
predictor	for	the	roadside	marsh	community	presumably	because	these	communities	are	dominated	by	
species	tolerant	of	high	sodium	and	chloride	concentrations	found	in	soils	adjoining	roads	where	de-
icing	salts	are	used	(Forman	and	Alexander	1998,	Cunningham	et	al.	2008);	indicator	species	in	these	
wetlands	include	Phragmites	australis	and	Solidago	sempervirens,	both	of	which	are	salt	tolerant.		Just	
over	52%	of	the	wetlands	in	this	community	cluster	were	located	alongside	interstate	highways	and	
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limited	access	state	and	federal	highways,	roads	that	are	likely	to	receive	the	greatest	applications	of	de-
icing	salts	(Figure	2.12).			
	
Figure	2.12	–	Percentage	of	wetlands	adjoining	each	of	the	road	classes	for	wetlands	in	the	roadside	
marsh	community	cluster	and	all	other	wetlands.	
	
Inter-wetland	Distance	
Wetlands	that	are	near	each	other	had	more	similar	non-native	species	composition.		This	is	
consistent	with	my	expectation	that	wetlands	near	each	other	are	likely	to	have	similar	local	conditions	
as	well	as	propagule	exchange.		The	strength	of	the	correlation	between	geographic	proximity	and	
species	similarity	varied	among	community	types,	but	in	all	types	a	positive	correlation	existed	even	
after	controlling	for	the	effect	of	land	cover	(Appendix	C).		I	did	find	that	the	strength	of	this	correlation	
decreased	as	distance	between	wetlands	increased,	with	the	Mantel	r	decreasing	to	0.00	at	
approximately	40	km	(Figure	2.11).		However,	road	network	distances	were	no	better	than	straight-line	
distances	in	predicting	non-native	community	similarity.		This	was	likely	due	to	the	fact	that	over	short	
distances	there	was	little	difference	between	the	straight-line	and	road	network	distances	between	
wetlands.		Although	this	pattern	of	nearby	sites	being	more	similar	also	applies	to	native	plant	
communities,	the	pattern	is	noteworthy	for	communities	dominated	by	non-natives.		Propagule	
pressure	is	an	important	mechanism	in	the	dispersal	of	non-native	species	across	a	region	(Simberloff	
2009).		The	presence	of	a	non-native	species	in	one	wetland	can	exert	propagule	pressure	on	
surrounding	wetlands	facilitating	dispersal	of	species	across	the	landscape.		This	is	an	important	
mechanism	as	non-natives	species	fill	in	human	modified	habitats,	and	coalesce	into	novel	communities.	
	 	
0% 20% 40% 60% 80% 100%
Roadside	Marsh	
All	Other	Wetlands
Percentage	of	wetlands	adjoining	road	class
1	- Courts 2	- Local	Roads 3	- Major	Roads 4	- Federal	&	State	Highways 5	- Interstates
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Conclusion	
	 Within	the	literature	there	is	no	single	agreed	upon	definition	or	way	of	determining	what	is	and	
what	is	not	a	novel	community	(Kowarik	2011,	Hallett	et	al.	2013,	Hobbs	et	al.	2013,	Morse	et	al.	2014).		
Although	there	is	general	consensus	that	novel	communities	represent	a	departure	from	natural	
communities,	there	is	disagreement	on	how	much	change	is	required.		Some	suggest	that	communities	
fall	along	a	continuum	of	change	that	ranges	from	merely	degraded	to	truly	novel,	with	communities	
falling	in	between	being	described	as	hybrid	communities	(Hobbs	et	al.	2006,	2013).		One	measure	of	
where	communities	fall	along	this	continuum	is	whether	a	community	can	be	effectively	restored	to	its	
natural	type,	or	whether	the	community	has	passed	thresholds	that	make	restoration	difficult	or	
prevent	restoration	entirely	(Hobbs	et	al.	2009,	2013,	Hallett	et	al.	2013).			
Anthropogenic	changes	to	the	landscape	immediately	surrounding	wetlands	allow	for	the	
proliferation	of	non-native	species.		The	presence	of	numerous	and	widely	distributed	non-native	
species	in	urban	wetlands	does	not	alone	indicate	that	the	wetlands	in	this	study	are	novel	
communities.		However,	the	fact	that	similar	changes	to	the	landscape	have	resulted	in	similar	
combinations	of	non-native	species	is	evidence	that	anthropogenic	drivers	are	creating	novel	habitats	
and	ultimately	novel	community	types.		I	found	that	non-native	plant	community	similarity	was	most	
strongly	correlated	with	similarity	in	nearby	land	cover,	with	developed	land	being	the	predominant	
land	cover	in	the	region.		Roads	were	another	component	of	the	landscape	that	altered	wetland	
community	assembly	in	the	region.		It	is	these	changes	in	the	immediate	vicinity	of	wetlands	that	have	
driven	community	composition	to	the	point	where	many	of	these	wetlands	no	longer	resemble	native	
community	types	and	have	become	novel	communities.		At	the	regional	level	these	communities	are	no	
longer	restorable	to	a	natural	condition	(Matthews	and	Spyreas	2010).		I	assert	that	in	the	Chicago	
region	the	widespread	changes	in	community	composition	as	a	result	of	changes	to	the	local	
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environment	and	landscape	configuration	have	created	a	repeating	pattern	of	identifiable	novel	
communities.		 	
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CHAPTER	3:	CONCLUSION	
I	conducted	two	analyses	to	assess	how	changes	in	the	environment	through	urbanization	and	
road	construction	facilitate	the	distribution	of	non-native	plant	species.		In	my	first	analysis	I	examined	
the	role	of	urbanization,	roads,	and	distance	to	conspecific	occurrences	in	facilitating	the	distribution	of	
sixteen	species	within	the	Chicago	metropolitan	region.		The	major	finding	of	this	study	was	that	species,	
or	groups	of	species,	such	as	halophytes,	responded	differently	to	the	effects	of	urbanization	and	roads.		
For	example,	Dipsacus	laciniatus	and	Hordeum	jubatum	were	associated	with	proximity	to	Chicago	and	
higher	order	road	type	(i.e.	associated	with	multi-lane,	high	volume	roads);	whereas	although	Dipsacus	
fullonum	was	also	associated	with	higher	order	road	type,	it	was	not	associated	with	distance	to	
Chicago.		An	additional	finding	from	this	analysis	was	the	emergence	of	novel,	halophyte-dominated	
communities	in	proximity	to	roads,	presumably	due	to	the	large	volume	of	de-icing	salt	applied	to	
roadways	in	the	winter.		To	further	explore	the	development	of	novel	communities,	in	the	second	
chapter	I	examined	the	non-native	components	of	urban	wetland	communities	in	the	Chicago	region	
and	related	the	patterns	of	similarity	among	non-native	species	composition	to	anthropogenic	
alterations	of	the	local	environment	and	landscape	configuration.		I	found	that	non-native	plant	species	
were	present	in	99.25%	of	study	wetlands,	with	an	average	of	7.10	and	a	maximum	of	35	non-native	
species	per	wetland.		Phalaris	arundinacea,	the	most	common	non-native,	was	present	in	73.93%	of	the	
wetlands.		Similarity	of	land	cover	within	100	m	of	the	wetlands	was	the	strongest	predictor	of	non-
native	plant	species	similarity	between	wetlands.		Through	clustering	I	identified	distinct	wetland	
community	types.		Similarity	of	non-native	plant	species	composition	in	each	of	these	community	types	
was	correlated	with	similarity	in	land	cover	and	distance	between	wetlands.		My	findings	in	this	analysis	
point	to	a	repeating	pattern	of	non-native	dominated	communities	across	the	Chicago	region	in	
response	to	urbanization	and	roads.		
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Together	these	findings	highlight	the	roles	of	urbanization	and	roads	in	facilitating	the	
distribution	of	non-native	plant	species	and	the	assembly	of	non-native	dominated	communities.		In	the	
first	analysis	I	found	that	occurrences	of	several	species	were	associated	with	proximity	to	the	urban	
core,	which	may	indicate	that	these	plants	are	found	in	heavily	disturbed	urban	areas.		In	the	second	
analysis	I	found	that	non-native	species	similarity	was	correlated	with	similarity	in	land	cover.		As	
developed	land	is	the	predominant	land	cover	in	the	region,	this	indicates	that	similar	communities	have	
assembled	in	response	to	urbanization.		A	similar	pattern	has	also	emerged	with	roads.		Certain	species,	
including	halophytes,	were	found	to	be	associated	with	high	order	road	types	and	in	close	proximity	to	
roads.			This	association	is	likely	due	to	the	maintenance	activities	associated	with	roads,	most	notably	
the	application	of	de-icing	salt.		The	preferential	association	of	certain	species	with	roads	has	resulted	in	
a	distinct	roadside	marsh	community	type.		Indicator	species	for	this	community	type	include	the	
halophytes	Solidago	sempervirens	and	Phragmites	australis.			Solidago	sempervirens	is	native	to	the	
eastern	U.S.	and	first	appeared	in	the	Chicago	region	in	the	1930’s	and	has	subsequently	spread	along	
roadways	(Lamont	1994,	Swink	and	Wilhelm	1994,	Brauer	and	Geber	2002).		Non-native	genotypes	of	
Phragmites	australis	were	introduced	to	the	eastern	U.S.	from	Europe	and	Asia	and	have	spread	
westward	(Saltonstall	2002).		Phragmites	australis	has	also	been	shown	to	spread	along	roadways	
(Maheu-Giroux	and	de	Blois	2006,	Lelong	et	al.	2007,	Jodoin	et	al.	2008).		Similarity	based	analysis	shows	
that	this	community	has	assembled	repeatedly	across	the	Chicago	region.	
Together	my	analyses	have	implications	for	understanding	and	managing	non-native	plant	
species	within	urban	and	urbanizing	areas.		My	work	demonstrates	that	non-native	species	are	widely	
distributed	across	the	Chicago	region.		This	widespread	distribution	makes	eradication	of	non-natives	or	
the	restoration	of	native	community	types	at	a	regional	level	impossible.		However,	there	are	remnant	
natural	communities	within	urban	regions	that	warrant	protection,	restoration,	and	management	to	
maintain	these	communities	in	their	natural	state.		The	state	of	Illinois	has	dedicated	144	nature	
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preserves	in	the	Chicago	region,	covering	over	9000	ha,	to	protect	remnant	high	quality	natural	areas	
(Illinois	Nature	Preserves	Commission	2015).		Land	managers	in	the	region	recognize	the	threat	that	
non-natives	pose	to	these	natural	areas;	they	also	recognize	the	importance	of	roadsides	as	habitat	for	
non-natives	(Northeastern	Illinois	Invasive	Plant	Partnership	2015).		Understanding	the	influence	of	
urbanization	and	roads	in	facilitating	the	spread	of	individual	non-native	species	is	critical	for	effectively	
controlling	the	spread	of	invasive	non-natives	into	these	remnant	natural	areas.		While	management	of	
non-natives	is	appropriate	at	the	local	site	level	the	majority	of	non-native	plant	species	occur	on	lands	
that	are	managed	for	purposes	other	than	preservation	of	natural	areas.		At	the	regional	level	the	
elimination	of	non-natives	plants	is	not	possible	and	these	species	will	continue	to	be	a	feature	of	the	
landscape.		The	application	of	the	novel	community	framework	to	these	lands	provides	a	context	for	
viewing	these	communities	as	more	than	just	degraded	and	invaded	lands.		By	thinking	of	these	
assemblages	as	novel	communities	that	provide	ecosystem	services	we	can	begin	to	appreciate	their	
role	within	the	urban	landscape.		Urban	wetland	communities	provide	flood	regulation,	water	quality	
enhancement,	nutrient	cycling,	wildlife	habitat	and	carbon	storage	services	(Reinelt	and	Horner	1995,	
Costanza	et	al.	1997,	Woodward	and	Wui	2001,	Perring	et	al.	2013).		Under	some	conditions	these	
functions	may	actually	be	enhanced	by	non-natives.		For	example,	increased	nutrient	uptake	and	higher	
denitrification	rates	have	been	observed	in	wetlands	dominated	by	non-natives	(Ehrenfeld	2003,	Allred	
and	Baines	2015).		As	urban	areas	continue	to	expand,	land	development,	road	construction	and	
maintenance	will	continue	to	reshape	the	landscape	facilitating	the	establishment	and	spread	of	non-
native	species	and	subsequently	novel,	non-native-dominated	communities.		While	site-level	
management	will	be	important	to	maintain	natural	areas,	it	is	important	to	understand	that	novel	
communities	provide	a	suite	of	ecosystem	services.	
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APPENDIX	A:	CHAPTER	1	SUPPLEMENTAL	RESULTS	
	
Table	A.1	–	Logistic	regression	BIC	statistics	and	McFadden’s	pseudo	R2	values	for	all	models	and	species.		For	models	including	land	cover	the	
buffer	distance	used	in	the	respective	model	is	noted	as	100	m	or	1	km.	
Model	 Land	Cover	
Alliaria	petiolata	 Aster	subulatus	 Atriplex	patula	 Bolboschoenus	maritimus	
BIC	 Pseudo	R2	 BIC	 Pseudo	R2	 BIC	 Pseudo	R2	 BIC	 Pseudo	R2	
Global	 100	m	 1731.92	 0.041	 369.20	 0.238	 751.19	 0.192	 249.64	 0.428	
Global	 1	km	 1740.43	 0.036	 no	solution	 743.25	 0.201	 no	solution	
Urbanization	-	Land	Cover	+	Dist.	to	Chicago	 100	m	 1742.12	 0.004	 366.56	 0.106	 792.25	 0.079	 273.86	 0.172	
Urbanization	-	Land	Cover	+	Dist.	to	Chicago	 1	km	 1748.51	 0.001	 no	solution	 798.88	 0.071	 279.42	 0.154	
Urbanization	-	Land	Cover	 100	m	 1734.73	 0.004	 359.69	 0.104	 804.26	 0.055	 287.65	 0.102	
Urbanization	-	Land	Cover	 1	km	 1741.21	 0.000	 384.34	 0.040	 800.70	 0.060	 287.23	 0.103	
Urbanization	-	Dist.	to	Chicago	 	 1740.94	 0.001	 384.41	 0.040	 797.71	 0.063	 273.61	 0.148	
Roads		 	 1747.90	 0.001	 374.26	 0.086	 788.19	 0.084	 263.23	 0.207	
Propagule	Sources	 	 1701.40	 0.024	 347.61	 0.136	 754.75	 0.115	 220.23	 0.324	
Urban	Land	Cover	+	Roads	 100	m	 1747.73	 0.006	 358.55	 0.147	 779.93	 0.103	 259.93	 0.243	
Urban	Land	Cover	+	Roads	 1	km	 1754.71	 0.001	 no	solution	 764.38	 0.121	 254.43	 0.261	
Urban	Land	Cover	+	Road	Type	 100	m	 1742.05	 0.004	 354.69	 0.137	 780.71	 0.093	 no	solution	
Urban	Land	Cover	+	Road	Type	 1	km	 1747.53	 0.001	 373.70	 0.088	 770.66	 0.105	 no	solution	
Urban	Land	Cover	+	Dist.	to	Road	 100	m	 1740.56	 0.005	 361.50	 0.119	 799.45	 0.070	 292.51	 0.111	
Urban	Land	Cover	+	Dist.	to	Road	 1	km	 1748.59	 0.001	 no	solution	 787.64	 0.084	 no	solution	
Road	Type	+	Dist.	to	Chicago	 	 1747.38	 0.001	 375.32	 0.083	 772.36	 0.103	 242.22	 0.277	
Road	+	Propagule	Sources	 	 1716.08	 0.024	 343.63	 0.185	 722.82	 0.171	 215.50	 0.390	
Road	Type	+	Propagule	Sources		 	 1708.90	 0.024	 340.88	 0.173	 732.71	 0.150	 208.31	 0.388	
Dist	to.	Road	+	Propagule	Sources	 	 1708.66	 0.024	 347.89	 0.155	 735.03	 0.147	 226.96	 0.327	
Wetland/Water	Land	Cover	 100	m	 1734.57	 0.009	 399.68	 0.020	 842.15	 0.019	 319.69	 0.021	
Wetland/Water	Land	Cover	 1	km	 1743.61	 0.003	 405.52	 0.005	 848.07	 0.012	 321.43	 0.015	
Rural	Land	Cover	 100	m	 1728.58	 0.012	 370.98	 0.095	 820.20	 0.045	 289.20	 0.122	
Rural	Land	Cover	 1	km	 1743.85	 0.003	 393.04	 0.037	 807.42	 0.061	 296.15	 0.099	
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Table	A.1	continued	
Model	 Land	Cover	
Dipsacus	fullonum	 Dipsacus	laciniatus	 Hemerocallis	fulva	 Hordeum	jubatum	
BIC	 Pseudo	R2	 BIC	 Pseudo	R2	 BIC	 Pseudo	R2	 BIC	 Pseudo	R2	
Global	 100	m	 677.73	 0.237	 1566.51	 0.014	 278.89	 0.193	 1398.34	 0.171	
Global	 1	km	 656.15	 0.264	 1570.40	 0.168	 no	solution	 1398.46	 0.171	
Urbanization	-	Land	Cover	+	Dist.	to	Chicago	 100	m	 806.29	 0.007	 1622.26	 0.110	 268.23	 0.023	 1494.75	 0.078	
Urbanization	-	Land	Cover	+	Dist.	to	Chicago	 1	km	 796.48	 0.019	 1642.84	 0.098	 no	solution	 1510.12	 0.068	
Urbanization	-	Land	Cover	 100	m	 801.42	 0.003	 1684.19	 0.035	 261.99	 0.018	 1513.22	 0.061	
Urbanization	-	Land	Cover	 1	km	 799.19	 0.006	 1676.25	 0.075	 261.84	 0.018	 1512.04	 0.062	
Urbanization	-	Dist.	to	Chicago	 	 803.55	 0.000	 1645.28	 0.093	 262.08	 0.017	 1521.84	 0.056	
Roads		 	 754.67	 0.072	 1755.81	 0.170	 260.85	 0.053	 1560.21	 0.037	
Propagule	Sources	 	 656.15	 0.187	 1655.85	 0.087	 239.79	 0.106	 1488.77	 0.077	
Urban	Land	Cover	+	Roads	 100	m	 762.26	 0.072	 1679.03	 0.082	 266.64	 0.060	 1487.63	 0.087	
Urban	Land	Cover	+	Roads	 1	km	 761.48	 0.073	 1656.89	 0.095	 no	solution	 1478.67	 0.092	
Urban	Land	Cover	+	Road	Type	 100	m	 804.61	 0.009	 1671.91	 0.082	 268.44	 0.022	 1491.57	 0.080	
Urban	Land	Cover	+	Road	Type	 1	km	 803.21	 0.010	 1652.19	 0.093	 268.76	 0.021	 1478.53	 0.088	
Urban	Land	Cover	+	Dist.	to	Road	 100	m	 763.57	 0.061	 1690.36	 0.072	 260.92	 0.052	 1513.08	 0.066	
Urban	Land	Cover	+	Dist.	to	Road	 1	km	 764.09	 0.060	 1677.54	 0.079	 259.03	 0.060	 1516.23	 0.064	
Road	Type	+	Dist.	to	Chicago	 	 808.95	 0.003	 1629.22	 0.106	 268.81	 0.021	 1493.34	 0.078	
Road	+	Propagule	Sources	 	 642.88	 0.223	 1632.85	 0.108	 242.16	 0.157	 1454.34	 0.108	
Road	Type	+	Propagule	Sources		 	 661.23	 0.191	 1636.52	 0.102	 247.21	 0.107	 1446.81	 0.108	
Dist	to.	Road	+	Propagule	Sources	 	 643.41	 0.213	 1645.95	 0.097	 235.03	 0.155	 1495.06	 0.077	
Wetland/Water	Land	Cover	 100	m	 810.18	 0.002	 1794.99	 0.055	 274.03	 0.000	 1580.18	 0.024	
Wetland/Water	Land	Cover	 1	km	 792.63	 0.024	 1818.69	 0.000	 273.00	 0.004	 1593.32	 0.016	
Rural	Land	Cover	 100	m	 809.23	 0.003	 1720.63	 0.071	 264.78	 0.037	 1538.00	 0.050	
Rural	Land	Cover	 1	km	 806.92	 0.006	 1674.37	 0.081	 268.51	 0.022	 1498.28	 0.075	
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Table	A.1	continued	
Model	 Land	Cover	
Lysimachia	
nummularia	 Lythrum	salicaria	
Phragmites	
australis	 Puccinellia	distans	
BIC	 Pseudo	R2	 BIC	 Pseudo	R2	 BIC	 Pseudo	R2	 BIC	 Pseudo	R2	
Global	 100	m	 805.53	 0.238	 2005.89	 0.124	 2392.95	 0.068	 no	solution	
Global	 1	km	 806.88	 0.237	 1978.76	 0.136	 2387.73	 0.070	 no	solution	
Urbanization	-	Land	Cover	+	Dist.	to	Chicago	 100	m	 931.47	 0.051	 2148.02	 0.035	 2408.21	 0.041	 296.53	 0.122	
Urbanization	-	Land	Cover	+	Dist.	to	Chicago	 1	km	 975.15	 0.005	 2099.64	 0.057	 2429.47	 0.032	 297.30	 0.119	
Urbanization	-	Land	Cover	 100	m	 934.64	 0.040	 2143.87	 0.033	 2416.59	 0.034	 298.83	 0.090	
Urbanization	-	Land	Cover	 1	km	 969.18	 0.004	 2101.46	 0.053	 2430.05	 0.029	 292.30	 0.111	
Urbanization	-	Dist.	to	Chicago	 	 972.31	 0.000	 2180.82	 0.017	 2434.18	 0.027	 298.34	 0.092	
Roads		 	 972.37	 0.008	 2202.83	 0.010	 2479.40	 0.012	 291.41	 0.138	
Propagule	Sources	 	 805.14	 0.175	 2024.53	 0.088	 2455.85	 0.018	 233.02	 0.301	
Urban	Land	Cover	+	Roads	 100	m	 949.80	 0.040	 2151.18	 0.037	 2422.67	 0.038	 286.15	 0.179	
Urban	Land	Cover	+	Roads	 1	km	 978.48	 0.010	 2109.67	 0.056	 2427.99	 0.036	 273.52	 0.220	
Urban	Land	Cover	+	Road	Type	 100	m	 942.21	 0.040	 2146.81	 0.036	 2415.61	 0.038	 292.71	 0.134	
Urban	Land	Cover	+	Road	Type	 1	km	 973.73	 0.007	 2107.39	 0.054	 2420.44	 0.036	 no	solution	
Urban	Land	Cover	+	Dist.	to	Road	 100	m	 942.23	 0.040	 2149.04	 0.035	 2424.00	 0.034	 290.07	 0.143	
Urban	Land	Cover	+	Dist.	to	Road	 1	km	 972.97	 0.008	 2104.69	 0.055	 2436.92	 0.029	 no	solution	
Road	Type	+	Dist.	to	Chicago	 	 976.35	 0.004	 2187.36	 0.017	 2427.09	 0.033	 292.03	 0.136	
Road	+	Propagule	Sources	 	 820.10	 0.175	 2026.84	 0.094	 2442.49	 0.030	 229.40	 0.362	
Road	Type	+	Propagule	Sources		 	 812.71	 0.175	 2031.94	 0.088	 2440.16	 0.028	 229.79	 0.336	
Dist	to.	Road	+	Propagule	Sources	 	 812.58	 0.175	 2019.26	 0.094	 2453.53	 0.022	 231.43	 0.331	
Wetland/Water	Land	Cover	 100	m	 899.25	 0.085	 2221.08	 0.002	 2469.98	 0.016	 no	solution	
Wetland/Water	Land	Cover	 1	km	 912.69	 0.070	 2223.21	 0.001	 2477.08	 0.013	 318.70	 0.051	
Rural	Land	Cover	 100	m	 946.58	 0.035	 2153.05	 0.033	 2447.35	 0.025	 309.66	 0.080	
Rural	Land	Cover	 1	km	 966.83	 0.014	 2106.25	 0.054	 2426.79	 0.033	 304.79	 0.095	
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Table	A.1	continued	
Model	 Land	Cover	
Solanum	dulcamara	 Solidago	sempervirens	 Spergularia	species	 Viburnum	recognitum	
BIC	 Pseudo	R2	 BIC	 Pseudo	R2	 BIC	 Pseudo	R2	 BIC	 Pseudo	R2	
Global	 100	m	 2347.74	 0.017	 726.40	 0.404	 no	solution	 525.59	 0.166	
Global	 1	km	 2354.80	 0.014	 no	solution	 no	solution	 525.76	 0.166	
Urbanization	-	Land	Cover	+	Dist.	to	Chicago	 100	m	 2333.44	 0.001	 893.08	 0.203	 276.57	 0.186	 513.57	 0.090	
Urbanization	-	Land	Cover	+	Dist.	to	Chicago	 1	km	 2334.44	 0.000	 no	solution	 no	solution	 513.39	 0.090	
Urbanization	-	Land	Cover	 100	m	 2326.13	 0.000	 963.30	 0.131	 287.15	 0.127	 554.46	 0.000	
Urbanization	-	Land	Cover	 1	km	 2326.94	 0.000	 983.87	 0.112	 no	solution	 550.68	 0.007	
Urbanization	-	Dist.	to	Chicago	 	 2327.06	 0.000	 924.67	 0.167	 281.55	 0.145	 517.92	 0.068	
Roads		 	 2327.37	 0.003	 954.70	 0.146	 300.67	 0.109	 555.67	 0.012	
Propagule	Sources	 	 2310.21	 0.007	 804.33	 0.277	 278.09	 0.157	 498.62	 0.104	
Urban	Land	Cover	+	Roads	 100	m	 2334.92	 0.003	 888.37	 0.214	 283.64	 0.188	 562.91	 0.013	
Urban	Land	Cover	+	Roads	 1	km	 2334.94	 0.003	 875.27	 0.226	 no	solution	 560.87	 0.016	
Urban	Land	Cover	+	Road	Type	 100	m	 2333.12	 0.001	 901.40	 0.195	 282.96	 0.165	 561.16	 0.002	
Urban	Land	Cover	+	Road	Type	 1	km	 2334.24	 0.000	 904.29	 0.192	 no	solution	 557.08	 0.009	
Urban	Land	Cover	+	Dist.	to	Road	 100	m	 2328.34	 0.003	 940.68	 0.159	 285.61	 0.157	 556.70	 0.010	
Urban	Land	Cover	+	Dist.	to	Road	 1	km	 2328.28	 0.003	 941.88	 0.158	 no	solution	 555.21	 0.013	
Road	Type	+	Dist.	to	Chicago	 	 2334.39	 0.000	 861.53	 0.231	 278.42	 0.180	 522.15	 0.074	
Road	+	Propagule	Sources	 	 2317.73	 0.011	 747.69	 0.343	 274.01	 0.218	 509.06	 0.112	
Road	Type	+	Propagule	Sources		 	 2317.67	 0.007	 771.79	 0.314	 275.09	 0.191	 505.47	 0.105	
Dist	to.	Road	+	Propagule	Sources	 	 2310.89	 0.010	 774.95	 0.311	 275.67	 0.189	 503.02	 0.110	
Wetland/Water	Land	Cover	 100	m	 2332.59	 0.001	 1078.73	 0.032	 no	solution	 550.88	 0.021	
Wetland/Water	Land	Cover	 1	km	 2334.17	 0.000	 1105.62	 0.008	 306.49	 0.090	 558.12	 0.007	
Rural	Land	Cover	 100	m	 2322.89	 0.005	 998.71	 0.106	 301.42	 0.106	 556.96	 0.009	
Rural	Land	Cover	 1	km	 2324.52	 0.004	 981.66	 0.121	 277.96	 0.181	 558.15	 0.007	
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APPENDIX	B:	NIPPERSINK	CREEK	WATERSHED	ANALYSIS	
Streams	can	link	habitat	patches	by	transporting	seeds	that	are	deposited	directly	into	the	stream	or	are	
washed	in	from	surrounding	areas	and	transported	downstream	to	other	communities	(Foxcroft	et	al.	
2007,	Predick	and	Turner	2008).		To	assess	the	differences	between	road	and	stream	networks	in	
dispersing	and	providing	habitat	for	non-native	species,	I	conducted	a	watershed-based	analysis	using	a	
subset	of	the	data	from	Chapter	2	in	the	Nippersink	Creek	watershed	in	McHenry	County	(Figure	B.1;	
Illinois	portion	of	U.S.	Geological	Survey	hydrologic	unit	codes	071200060802,	071200060906	and	
071200060907).		This	watershed	was	selected	based	on	the	number	of	wetlands	sampled	in	the	
watershed	and	the	limited	disturbance	to	the	watershed’s	hydrology	relative	to	the	Chicago	region.		The	
extensive	manipulation	of	streams	and	drainage	within	the	Chicago	region	precluded	using	a	larger	area	
for	this	analysis.		The	sample	includes	183	wetlands.	
	
Figure	B.1	–	Study	location	map.	
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Methods	
Predictor	Variables	
	 In	addition	to	the	predictor	variables	described	in	Chapter	2	–	Methods,	the	following	predictors	
were	included	for	the	watershed-based	analysis:	
1. Landscape	Configuration	–	Stream	Network	Distance:	I	calculated	the	distance	between	each	
pair	of	wetlands	along	the	stream	network.		I	included	this	predictor	because	streams	provide	
functional	connectivity	between	wetlands,	which	allow	for	propagule	dispersal.		Each	wetland	
within	the	Nippersink	Creek	watershed	study	area	was	placed	on	the	stream	its	centroid	was	
nearest.		The	National	Hydrologic	Dataset	Plus,	Version	2	(U.S.	Environmental	Protection	Agency	
et	al.	2013)	was	used	as	the	stream	network	dataset,	and	distances	were	calculated	using	the	
Network	Analyst	extension	for	ArcGIS	(ESRI	2014).	
2. Local	Environment	–	Distance	to	Stream:	I	measured	the	distance	between	the	edge	of	a	
wetland	polygon	and	the	nearest	stream.		This	distance	serves	as	a	measure	of	the	connectivity	
between	a	wetland	and	the	stream	network.		Stream	locations	were	obtained	from	the	National	
Hydrologic	Dataset	Plus,	Version	2	(U.S.	Environmental	Protection	Agency	et	al.	2013).	
3. Local	Environment	–	Stream	Order:	I	identified	the	order	of	the	stream	nearest	to	each	wetland.		
Stream	order	describes	the	relative	size	of	the	stream	and	its	position	within	the	watershed	
(Strahler	1957).		Streams	within	the	Nippersink	Creek	watershed	study	area	ranged	from	order	1	
to	5,	with	1	being	the	smallest	and	five	the	largest.		Stream	order	may	be	correlated	with	non-
native	species	presence,	as	communities	along	higher	order	streams	may	receive	a	greater	
number	and	diversity	of	propagules	from	the	upstream	watershed.		Stream	order	was	obtained	
from	the	National	Hydrologic	Dataset	Plus,	Version	2	(U.S.	Environmental	Protection	Agency	et	
al.	2013).	
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Statistical	Analysis	
	 As	in	the	main	analysis,	non-native	species	dissimilarity	was	correlated	with	each	of	the	
predictor	variables	using	Mantel	tests.		Partial	Mantel	tests	were	run	to	determine	if	significant	
predictors	identified	by	Mantel	tests	remained	significant	after	controlling	for	the	effects	of	other	
variables.		All	sampled	wetlands	within	the	Nippersink	watershed	were	included	in	the	Mantel	and	
partial	Mantel	tests,	community	types	were	not	evaluated	separately.	
Results	
	 		Land	cover	at	100	m	was	also	the	strongest	predictor	of	non-native	species	similarity	within	the	
Nippersink	Creek	watershed	study	area	(Mantel	r	=	0.097,	p	=	0.001)	(Figure	B.2).		Stream	network	
distance	was	weakly	correlated	with	non-native	species	dissimilarity	(Mantel	r	=	0.056,	p	<	0.01).		
However,	Mantel	correlations	for	straight-line	and	road	network	distance	were	not	significant	(α	=	0.05).		
Results	of	the	partial	Mantel	tests	are	located	in	Appendix	C,	Table	C.7.		
	
Figure	B.2	–	Mantel	correlation	coefficients	for	wetlands	within	the	Nippersink	Creek	watershed	study	
area.		Error	bars	represent	95%	confidence	intervals	for	correlation	coefficients.	
*	P	≤	0.05,	**	P	≤	0.01,	***	P	≤	0.001	
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Discussion	
	 My	finding	of	a	significant	correlation	between	non-native	species	similarity	and	distance	
between	wetlands	along	the	stream	network	suggest	that	the	stream	network	may	function	in	dispersal	
of	non-native	species.		While	straight-line	and	road	network	distance	were	both	significantly	correlated	
with	non-native	species	similarity	across	the	Chicago	region	and	in	each	of	the	community	types	
(Chapter	2,	Results),	neither	straight-line	nor	road	network	distance	were	significantly	correlated	with	
non-native	species	similarity	within	the	Nippersink	Creek	watershed.		My	results	suggest	that	within	this	
watershed	the	stream	network	is	more	important	than	the	road	network	or	straight-line	distance	in	
understanding	the	pattern	of	species	distribution.		However,	this	finding	is	not	extensible	to	the	to	the	
Chicago	region	where	both	straight-line	and	road	network	distance	were	correlated	with	non-native	
species	similarity.		Further	research	comparing	the	effects	of	road	and	stream	networks	will	require	a	
study	area	with	both	extensive	road	and	stream	networks	and	a	sample	of	plant	communities	that	are	
distributed	uniformly	along	both	road	and	stream	networks.	
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APPENDIX	C:	CHAPTER	2	SUPPLEMENTAL	RESULTS	
	
Community	Clustering	Dendrogram	
	
	
Figure	C.1	–	Community	clustering	dendrogram.		Labels	for	individual	wetlands	have	been	omitted	for	
legibility.		Red	line	indicates	level	at	which	dendrogram	was	cut	to	obtain	community	clusters.	
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Partial	Mantel	Test	Results	Summary	
	
Partial	Mantel	tests	were	run	to	determine	if	significant	predictors	identified	by	Mantel	tests	remained	
significant	after	controlling	for	the	effects	of	other	variables.		Only	straight-line	distance	was	included	in	
the	partial	Mantel	tests	as	road	network	distance	was	not	significantly	different	from	straight-line	
distance.		Tests	were	run	with	only	one	land	cover	buffer	size;	the	buffer	distance	that	was	most	strongly	
correlated	with	non-native	species	similarity	was	used.	
Table	C.1	–	Results	for	partial	Mantel	tests	for	all	wetlands	for	the	correlation	between	non-native	
species	dissimilarity	and	the	predictor	variable	while	controlling	for	the	effect	of	the	listed	predictors.		P	
values	are	the	probability	that	the	Mantel	r	≤	0.00.	
Predictor	
Variable	 Controlling	for	the	effect	of	 Mantel	r	 p	value	
95%	Confidence	Interval	for	
Mantel	r	
Lower	Limit	 Upper	Limit	
Straight-line	
Distance	 Land	Cover	100m	 0.062	 0.001	 0.057	 0.067	
Straight-line	
Distance	 Distance	to	Road	 0.078	 0.001	 0.073	 0.082	
Straight-line	
Distance	 Road	Type	 0.083	 0.001	 0.078	 0.088	
Straight-line	
Distance	
Land	Cover	100m,	Dist.	To	Road,	
Road	Type	 0.060	 0.001	 0.056	 0.065	
Land	Cover	
100m	 Straight-line	Distance	 0.117	 0.001	 0.110	 0.125	
Land	Cover	
100m	 Distance	to	Road	 0.116	 0.001	 0.108	 0.123	
Land	Cover	
100m	 Road	Type	 0.131	 0.001	 0.124	 0.139	
Land	Cover	
100m	
Straight-line	Dist.,	Dist.	To	Road,	
Road	Type	 0.106	 0.001	 0.100	 0.114	
Distance	to	
Road	 Straight-line	Distance	 0.063	 0.001	 0.057	 0.069	
Distance	to	
Road	 Land	Cover	100m	 0.037	 0.003	 0.031	 0.043	
Distance	to	
Road	 Road	Type	 0.070	 0.001	 0.064	 0.077	
Distance	to	
Road	
Straight-line	Dist.,	Land	Cover	100m,	
Road	Type	 0.035	 0.008	 0.029	 0.040	
Road	Type	 Straight-line	Distance	 0.028	 0.002	 0.022	 0.033	
Road	Type	 Land	Cover	100m	 0.034	 0.001	 0.029	 0.039	
Road	Type	 Distance	to	Road	 0.030	 0.001	 0.025	 0.035	
Road	Type	 Straight-line	Dist.,	Land	Cover	100m,	Dist.	To	Road	 0.033	 0.001	 0.028	 0.039	
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Table	C.2	–	Results	for	partial	Mantel	tests	for	cluster	2	–	wet	meadow	wetlands	for	the	correlation	
between	non-native	species	dissimilarity	and	the	predictor	variable	while	controlling	for	the	effect	of	the	
listed	predictors.		P	values	are	the	probability	that	the	Mantel	r	≤	0.00.	
Predictor	
Variable	 Controlling	for	the	effect	of	 Mantel	r	 p	value	
95%	Confidence	Interval	for	
Mantel	r	
Lower	Limit	 Upper	Limit	
Straight-line	
Distance	 Land	Cover	1km	 0.095	 0.001	 0.080	 0.110	
Straight-line	
Distance	 Distance	to	Road	 0.096	 0.001	 0.081	 0.112	
Straight-line	
Distance	 Road	Type	 0.100	 0.001	 0.085	 0.116	
Straight-line	
Distance	
Land	Cover	1km,	Dist.	To	Road,	Road	
Type	 0.092	 0.001	 0.078	 0.107	
Land	Cover	1km	 Straight-line	Distance	 0.027	 0.042	 0.014	 0.039	
Land	Cover	1km	 Distance	to	Road	 0.037	 0.012	 0.023	 0.049	
Land	Cover	1km	 Road	Type	 0.041	 0.002	 0.027	 0.052	
Land	Cover	1km	 Straight-line	Dist.,	Dist.	To	Road,	Road	Type	 0.024	 0.061	 0.011	 0.039	
Distance	to	
Road	 Straight-line	Distance	 0.050	 0.068	 -0.007	 0.070	
Distance	to	
Road	 Land	Cover	1km	 0.056	 0.060	 -0.006	 0.076	
Distance	to	
Road	 Road	Type	 0.058	 0.058	 -0.003	 0.077	
Distance	to	
Road	
Straight-line	Dist.,	Land	Cover	1km,	
Road	Type	 0.049	 0.080	 -0.009	 0.069	
Road	Type	 Straight-line	Distance	 -0.008	 0.653	 -0.025	 0.006	
Road	Type	 Land	Cover	1km	 0.003	 0.436	 -0.013	 0.019	
Road	Type	 Distance	to	Road	 0.004	 0.422	 -0.012	 0.020	
Road	Type	 Straight-line	Dist.,	Land	Cover	1km,	Dist.	To	Road	 -0.007	 0.631	 -0.022	 0.007	
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Table	C.3	–	Results	for	partial	Mantel	tests	for	cluster	3	–	marsh	wetlands	for	the	correlation	between	
non-native	species	dissimilarity	and	the	predictor	variable	while	controlling	for	the	effect	of	the	listed	
predictors.		P	values	are	the	probability	that	the	Mantel	r	≤	0.00.	
Predictor	
Variable	 Controlling	for	the	effect	of	 Mantel	r	 p	value	
95%	Confidence	Interval	for	
Mantel	r	
Lower	Limit	 Upper	Limit	
Straight-line	
Distance	 Land	Cover	100m	 0.075	 0.001	 0.066	 0.083	
Straight-line	
Distance	 Distance	to	Road	 0.089	 0.001	 0.080	 0.098	
Straight-line	
Distance	 Road	Type	 0.106	 0.001	 0.096	 0.115	
Straight-line	
Distance	
Land	Cover	100m,	Dist.	To	Road,	
Road	Type	 0.068	 0.001	 0.060	 0.077	
Land	Cover	
100m	 Straight-line	Distance	 0.175	 0.001	 0.162	 0.190	
Land	Cover	
100m	 Distance	to	Road	 0.156	 0.001	 0.142	 0.169	
Land	Cover	
100m	 Road	Type	 0.189	 0.001	 0.177	 0.203	
Land	Cover	
100m	
Straight-line	Dist.,	Dist.	To	Road,	
Road	Type	 0.145	 0.001	 0.130	 0.158	
Distance	to	
Road	 Straight-line	Distance	 0.129	 0.001	 0.116	 0.140	
Distance	to	
Road	 Land	Cover	100m	 0.089	 0.002	 0.077	 0.100	
Distance	to	
Road	 Road	Type	 0.141	 0.001	 0.128	 0.151	
Distance	to	
Road	
Straight-line	Dist.,	Land	Cover	100m,	
Road	Type	 0.083	 0.002	 0.070	 0.093	
Road	Type	 Straight-line	Distance	 -0.017	 0.842	 -0.028	 -0.006	
Road	Type	 Land	Cover	100m	 -0.005	 0.651	 -0.014	 0.006	
Road	Type	 Distance	to	Road	 -0.011	 0.742	 -0.022	 -0.001	
Road	Type	 Straight-line	Dist.,	Land	Cover	100m,	Dist.	To	Road	 -0.005	 0.592	 -0.015	 0.004	
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Table	C.4	–	Results	for	partial	Mantel	tests	for	cluster	4	–	forested	wetlands	for	the	correlation	between	
non-native	species	dissimilarity	and	the	predictor	variable	while	controlling	for	the	effect	of	the	listed	
predictors.		P	values	are	the	probability	that	the	Mantel	r	≤	0.00.	
Predictor	
Variable	 Controlling	for	the	effect	of	 Mantel	r	 p	value	
95%	Confidence	Interval	for	
Mantel	r	
Lower	Limit	 Upper	Limit	
Straight-line	
Distance	 Land	Cover	100m	 0.091	 0.001	 0.072	 0.110	
Straight-line	
Distance	 Distance	to	Road	 0.098	 0.001	 0.081	 0.117	
Straight-line	
Distance	 Road	Type	 0.103	 0.001	 0.082	 0.120	
Straight-line	
Distance	
Land	Cover	100m,	Dist.	To	Road,	
Road	Type	 0.088	 0.001	 0.068	 0.104	
Land	Cover	
100m	 Straight-line	Distance	 0.079	 0.005	 0.055	 0.098	
Land	Cover	
100m	 Distance	to	Road	 0.068	 0.010	 0.050	 0.088	
Land	Cover	
100m	 Road	Type	 0.094	 0.001	 0.072	 0.115	
Land	Cover	
100m	
Straight-line	Dist.,	Dist.	To	Road,	
Road	Type	 0.056	 0.017	 0.039	 0.076	
Distance	to	
Road	 Straight-line	Distance	 0.088	 0.022	 0.060	 0.116	
Distance	to	
Road	 Land	Cover	100m	 0.070	 0.035	 0.048	 0.098	
Distance	to	
Road	 Road	Type	 0.094	 0.016	 0.068	 0.122	
Distance	to	
Road	
Straight-line	Dist.,	Land	Cover	100m,	
Road	Type	 0.067	 0.040	 0.041	 0.096	
Road	Type	 Straight-line	Distance	 -0.033	 0.898	 -0.046	 -0.018	
Road	Type	 Land	Cover	100m	 -0.039	 0.943	 -0.052	 -0.024	
Road	Type	 Distance	to	Road	 -0.035	 0.922	 -0.049	 -0.020	
Road	Type	 Straight-line	Dist.,	Land	Cover	100m,	Dist.	To	Road	 -0.032	 0.914	 -0.045	 -0.017	
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Table	C.5	–	Results	for	partial	Mantel	tests	for	cluster	5	–	mudflat/farmed	wetlands	for	the	correlation	
between	non-native	species	dissimilarity	and	the	predictor	variable	while	controlling	for	the	effect	of	the	
listed	predictors.		P	values	are	the	probability	that	the	Mantel	r	≤	0.00.	
Predictor	
Variable	 Controlling	for	the	effect	of	 Mantel	r	 p	value	
95%	Confidence	Interval	for	
Mantel	r	
Lower	Limit	 Upper	Limit	
Straight-line	
Distance	 Land	Cover	100m	 0.017	 0.110	 0.007	 0.027	
Straight-line	
Distance	 Distance	to	Road	 0.031	 0.013	 0.021	 0.043	
Straight-line	
Distance	 Road	Type	 0.035	 0.006	 0.026	 0.047	
Straight-line	
Distance	
Land	Cover	100m,	Dist.	To	Road,	
Road	Type	 0.013	 0.142	 0.004	 0.024	
Land	Cover	
100m	 Straight-line	Distance	 0.130	 0.001	 0.111	 0.149	
Land	Cover	
100m	 Distance	to	Road	 0.126	 0.001	 0.111	 0.142	
Land	Cover	
100m	 Road	Type	 0.134	 0.001	 0.116	 0.153	
Land	Cover	
100m	
Straight-line	Dist.,	Dist.	To	Road,	
Road	Type	 0.123	 0.001	 0.104	 0.140	
Distance	to	
Road	 Straight-line	Distance	 0.057	 0.055	 0.031	 0.081	
Distance	to	
Road	 Land	Cover	100m	 0.038	 0.149	 0.010	 0.060	
Distance	to	
Road	 Road	Type	 0.060	 0.060	 0.035	 0.085	
Distance	to	
Road	
Straight-line	Dist.,	Land	Cover	100m,	
Road	Type	 0.037	 0.166	 0.011	 0.060	
Road	Type	 Straight-line	Distance	 0.010	 0.336	 -0.006	 0.025	
Road	Type	 Land	Cover	100m	 0.017	 0.223	 0.001	 0.032	
Road	Type	 Distance	to	Road	 0.014	 0.253	 -0.001	 0.031	
Road	Type	 Straight-line	Dist.,	Land	Cover	100m,	Dist.	To	Road	 0.016	 0.244	 0.001	 0.033	
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Table	C.6	–	Results	for	partial	Mantel	tests	for	cluster	6	–	roadside	marsh	wetlands	for	the	correlation	
between	non-native	species	dissimilarity	and	the	predictor	variable	while	controlling	for	the	effect	of	the	
listed	predictors.		P	values	are	the	probability	that	the	Mantel	r	≤	0.00.	
Predictor	
Variable	 Controlling	for	the	effect	of	 Mantel	r	 p	value	
95%	Confidence	Interval	for	
Mantel	r	
Lower	Limit	 Upper	Limit	
Straight-line	
Distance	 Land	Cover	100m	 0.119	 0.001	 0.096	 0.139	
Straight-line	
Distance	 Distance	to	Road	 0.161	 0.001	 0.139	 0.182	
Straight-line	
Distance	 Road	Type	 0.163	 0.001	 0.143	 0.186	
Straight-line	
Distance	
Land	Cover	100m,	Dist.	To	Road,	
Road	Type	 0.117	 0.001	 0.098	 0.139	
Land	Cover	
100m	 Straight-line	Distance	 0.153	 0.004	 0.066	 0.187	
Land	Cover	
100m	 Distance	to	Road	 0.169	 0.002	 0.124	 0.198	
Land	Cover	
100m	 Road	Type	 0.191	 0.001	 0.103	 0.222	
Land	Cover	
100m	
Straight-line	Dist.,	Dist.	To	Road,	
Road	Type	 0.130	 0.004	 0.086	 0.164	
Distance	to	
Road	 Straight-line	Distance	 0.104	 0.022	 -0.041	 0.159	
Distance	to	
Road	 Land	Cover	100m	 0.063	 0.096	 -0.025	 0.105	
Distance	to	
Road	 Road	Type	 0.110	 0.014	 -0.040	 0.170	
Distance	to	
Road	
Straight-line	Dist.,	Land	Cover	100m,	
Road	Type	 0.062	 0.113	 -0.025	 0.106	
Road	Type	 Straight-line	Distance	 0.061	 0.001	 0.046	 0.079	
Road	Type	 Land	Cover	100m	 0.065	 0.001	 0.052	 0.083	
Road	Type	 Distance	to	Road	 0.066	 0.001	 0.050	 0.082	
Road	Type	 Straight-line	Dist.,	Land	Cover	100m,	Dist.	To	Road	 0.056	 0.004	 0.040	 0.073	
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Table	C.7	–	Results	for	partial	Mantel	tests	for	Nippersink	watershed	wetlands	for	the	correlation	
between	non-native	species	dissimilarity	and	the	predictor	variable	while	controlling	for	the	effect	of	the	
listed	predictors.		P	values	are	the	probability	that	the	Mantel	r	≤	0.00.	
Predictor	
Variable	 Controlling	for	the	effect	of	 Mantel	r	 p	value	
95%	Confidence	Interval	for	
Mantel	r	
Lower	Limit	 Upper	Limit	
Stream	
Network	
Distance	
Land	Cover	100m	 0.030	 0.115	 0.009	 0.051	
Stream	
Network	
Distance	
Distance	to	Road	 0.033	 0.100	 0.012	 0.052	
Stream	
Network	
Distance	
Road	Type	 0.031	 0.137	 0.009	 0.051	
Stream	
Network	
Distance	
Distance	to	Stream	 0.028	 0.141	 0.007	 0.048	
Stream	
Network	
Distance	
Stream	Order	 0.021	 0.191	 0.000	 0.040	
Stream	
Network	
Distance	
Land	Cover	100m,	Dist.	To	Road,	
Road	Type,	Dist.	To	Stream,	Stream	
Order	
0.020	 0.218	 0.000	 0.038	
Land	Cover	
100m	 Stream	Network	Distance	 0.096	 0.001	 0.079	 0.110	
Land	Cover	
100m	 Distance	to	Road	 0.097	 0.001	 0.081	 0.111	
Land	Cover	
100m	 Road	Type	 0.097	 0.001	 0.080	 0.112	
Land	Cover	
100m	 Distance	to	Stream	 0.094	 0.001	 0.079	 0.108	
Land	Cover	
100m	 Stream	Order	 0.095	 0.001	 0.080	 0.112	
Land	Cover	
100m	
Stream	Net.	Dist.,	Dist.	To	Road,	
Road	Type,	Dist.	To	Stream,	Stream	
Order	
0.092	 0.001	 0.079	 0.107	
Distance	to	
Road	 Stream	Network	Distance	 0.025	 0.234	 -0.002	 0.052	
Distance	to	
Road	 Land	Cover	100m	 0.022	 0.276	 0.000	 0.048	
Distance	to	
Road	 Road	Type	 0.024	 0.236	 0.003	 0.054	
Distance	to	
Road	 Distance	to	Stream	 0.026	 0.223	 0.000	 0.053	
Distance	to	
Road	 Stream	Order	 0.019	 0.290	 -0.004	 0.046	
Distance	to	
Road	
Stream	Net.	Dist.,	Land	Cover	100m,	
Road	Type,	Dist.	To	Stream,	Stream	
Order	
0.021	 0.275	 -0.005	 0.049	
Road	Type	 Stream	Network	Distance	 0.005	 0.368	 -0.009	 0.020	
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Table	C.7	continued	
Predictor	
Variable	 Controlling	for	the	effect	of	 Mantel	r	 p	value	
95%	Confidence	Interval	for	
Mantel	r	
Lower	Limit	 Upper	Limit	
Road	Type	 Land	Cover	100m	 -0.001	 0.501	 -0.016	 0.011	
Road	Type	 Distance	to	Road	 0.010	 0.265	 -0.004	 0.022	
Road	Type	 Distance	to	Stream	 0.009	 0.282	 -0.007	 0.023	
Road	Type	 Stream	Order	 0.009	 0.308	 -0.005	 0.022	
Road	Type	
Stream	Net.	Dist.,	Land	Cover	100m,	
Dist.	To	Road,	Dist.	To	Stream,	
Stream	Order	
-0.005	 0.585	 -0.018	 0.009	
Distance	to	
Stream	 Stream	Network	Distance	 0.039	 0.125	 0.005	 0.068	
Distance	to	
Stream	 Land	Cover	100m	 0.034	 0.148	 0.004	 0.064	
Distance	to	
Stream	 Distance	to	Road	 0.043	 0.081	 0.007	 0.070	
Distance	to	
Stream	 Road	Type	 0.042	 0.106	 0.011	 0.071	
Distance	to	
Stream	 Stream	Order	 0.042	 0.108	 0.013	 0.066	
Distance	to	
Stream	
Stream	Net.	Dist.,	Land	Cover	100m,	
Dist.	To	Road,	Road	Type,	Stream	
Order	
0.032	 0.162	 0.004	 0.057	
Stream	Order	 Stream	Network	Distance	 0.025	 0.101	 0.010	 0.041	
Stream	Order	 Land	Cover	100m	 0.029	 0.105	 0.013	 0.046	
Stream	Order	 Distance	to	Road	 0.032	 0.079	 0.017	 0.051	
Stream	Order	 Road	Type	 0.035	 0.065	 0.018	 0.053	
Stream	Order	 Distance	to	Stream	 0.035	 0.070	 0.017	 0.051	
Stream	Order	
Stream	Net.	Dist.,	Land	Cover	100m,	
Dist.	To	Road,	Road	Type,	Dist.	To	
Stream	
0.017	 0.164	 0.004	 0.032	
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Mantel	Correlograms	for	Community	Clusters	
	
	
	
Figure	C.2	–	Mantel	correlogram	for	species	dissimilarity	of	cluster	2	–	wet	meadow	wetlands	versus	(a)	
straight-line	and	(b)	road	network	distance.		Solid	circles	denote	significance	at	p	=	0.05.	
	 	
a.	
b.	
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Figure	C.3	–	Mantel	correlogram	for	species	dissimilarity	of	cluster	3	–	marsh	wetlands	versus	(a)	
straight-line	and	(b)	road	network	distance.		Solid	circles	denote	significance	at	p	=	0.05.	
	 	
a.	
b.	
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Figure	C.4	–	Mantel	correlogram	for	species	dissimilarity	of	cluster	4	–	forested	wetlands	versus	(a)	
straight-line	and	(b)	road	network	distance.		Solid	circles	denote	significance	at	p	=	0.05.	
	 	
a.	
b.	
	75	
	
	
	
	
Figure	C.5	–	Mantel	correlogram	for	species	dissimilarity	of	cluster	5	–	mudflat/farmed	wetlands	versus	
(a)	straight-line	and	(b)	road	network	distance.		Solid	circles	denote	significance	at	p	=	0.05.	
	 	
a.	
b.	
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Figure	C.6	–	Mantel	correlogram	for	species	dissimilarity	of	cluster	6	–	roadside	marsh	wetlands	versus	
(a)	straight-line	and	(b)	road	network	distance.		Solid	circles	denote	significance	at	p	=	0.05.	
	
a.	
b.	
